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GOVERNiyiENT SPONSORSHIP 
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by NIH Grant No. GM 50969-01. 

FIELD OF THE INVENTION 

This invention relates to NH. - terminal ly 
truncated analogs of Monocyte Chemoa t tractan t Protein- 
3 (MCP-3), RANTES and Macrophage Inf lamrr.a tory Protein- 
1-:^ {MIP-1'0 and compositions containing same and 
methods of em.ploying said compositions for treating 
inflammatory diseases as well as autoim.mune disorders 

BACKGROTTND OF THE INVENTION 



Regulated on Activation, Normal T-Cell 
Expressed and Secreted (RANTES) , Monocyte 
Chemoattractant Protein- 3 (MCP-3) and Macrophage 
Inflammatory Prorein-la (MlP-la) are inflammatory 
mediators, characterized as chemotactic cytokines or 
chemokines. The term "chemokine" reflects the ability 
of these mediators to induce directed migration of 
several types of leukocytes, including m.onocytes, 
^5 lymphocytes, basophils and eosinophils inno sites of 

i n f 1 amima t i on . 

RANTES, MCP-3 and MIP-1'^ are collectively 
known as "CC" chemokines because the first two 
cysteines in each molecule are adjacent. The CC 
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cr.-err.o> 1 nes connam disulfide bridges. The CC 
1 ihencjkines have been implicated in a number ot 

allergic and chronic int lamma tory diseases such as 
artihritis and various lung diseases. In such 
conditions, early monocytic infiltration of monocytes, 
T - l:^Tnpnocytes and other leukocytes m.ay be a key event 
in the progression of the disease. 

Multiple receptors mediate the functional 
activities of the CC chem.okines. Five receptors have 
been identified and their polypeptide sequences 

10 deduced from cDNA clones. These are: chemokme 

receptor CCKR-1, which binds MIP-lc. , RAIJTES and MCP-3 
(Gao, et al. (1995) J. Exp. Med. 177 :1421-1427); CCKR- 
2, which binds MCP-3 and MCP-1 (Franci, et al . (1995) 
J. Immunol. 154 :6511-6517); CCKR-3, which binds to 

13 RAIITES, MCP-3 and Eotoxin (Kitaura, et al . (1996) J. 

Biol . Chem. 221:7725-7730); CCKR, , which binds to MCP- 
1, RANTES and MIP-lo (Hoogawerf, et al . (1996) 
Biochem. Biophv. Research Comm.unica t ion 218 : 3 3 7' - 3 4 3 ) , 
CCKR, , which binds to MIP-la/r\ and RANTES (Raport, et 

20 al. (1996) J. Biol. Chem. 2 71 :17161-17 16 6). 

The complete amino acid sequences of RAIJTES, 
MCP-3 and MIP-1'> were described in Clark -Lewis, et al . 
^1^95) J. Leukocyte Biol. 57:703-71^. RANTES 
comprises a 68 amdno acid polypeptide, MCP-3 comprises 

2c^ a 76 amino acid polypeptide and MIP-l-^ com.prises a 70 
amino acid pol^'pept ide . 

It has been suggested that substances that 
are capable of blocking the effects of RANTES, MCP-3 
and/or MIP-lr:< would be useful to moderate or inhibit 

-^Q various inf lamina tory and allergy reactions. The 
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patent: application of Wells, et al . filed under the 
Patent Cooperation Treaty and published on June 13, 
1996 under WO 96/17935, describes modified RANTES 
pol:,Teptides possessing antagonistic activity. The 
polypeptides of Wells, et al . comprise the addition of 
amino acids to the N- terminal end of RANTES so that 
the number of amino acids in the antagonists descrioed 
therein have a longer chain length than the 
corresponding native RANTES. 

Masure, et al . (1995) j^__Tn r e^f eron and 
P^^^^tokine_^e^ 15:955-963, describe the expression of 
mutant MCP-3 in Pichia ^astoris which possesses three 
additional NK„ terminal amino acids. Masure, et al . 
characterized mutant MCP-3 as an MCP-3 receptor 
antagonist capable of competing with synthetic MCP-3. 

Heretofore, no one knew that NH, terminally 
truncated chemokine analogs of RANTES, MCP-3 or MlP-la 
possessed significant antagonistic activity with very 
high receptor binding affinities. However, the 
present - nventors have not only discovered the 
antagonistic effects of truncated RANTES, MCP-3 and 
MiP-la, but also have discovered that the analogs are 
useful for treating inflammatory diseases and 
autoimmune disorders, e.g., rheumatoid arthritis. The 
inventors have also discovered that the analogs 
competitively bind and cross-bind to several different 
receptors. Inflammation involves the infiltration of 
multiple cell types that occurs through the 
interaction of different chemokines with distinct 
functional receptors. The inventors have further 
discovered that blocking the infiltration of multiple 



35 



wo 98/06751 PCT/l S97/14485 

- 4 - 



o::rect.or cei^s is hiqhl\' effective i:i breakinq the 
1 .:. nf lamnation and au to irriinune cycle. 

SUMMARY OF THE INVENTION 

5 The present invention is directed towards 

NH^ - terminally truncated analogs of three human 
chemokines: MCP-3, RANTSS and MlP-la having anti - 
inf larrjnatory activity and/or ant i - aucoimmune activity. 
The present invention is also directed to inhibiting 

]_0 the biological activities of three native, mammalian 
chemokines MCP-3, RAMTES and MIP-1>\, The present 
invention is further directed to treating inf lammia tory 
diseases and autoimjnune disorders such as rheumatoid 
arthritis and multiple sclerosis, for exam.ple. The 

2^^, present invention is also directed to pharmaceutical 
compositions comprising NH, - terminally truncated 
cnemokine analogs . 

One aspect of the present invention is 
directed to an analog of mairjnalian MCP-3 lacking NH. - 

20 terminal amino acids corresponding to amino acid 

residues 1-6, 1-7, 1-8, 1-9 or 1-10, of MCP-3, having 
substantial homology to the native MCP-3 molecule. 

Another aspect of the present invent ion is 
directed to an analog of mammalian RANTES lacking NH^ - 

or terminal amino acids corresponding to amino acid 

residues 1-5, 1-6, 1-7, 1-8, and 1-9 of RANTES, having 
substantial hom.ology to the native RAIJTSS molecule. 

A further aspect of the present invention is 
directed to an analog of marrjr:alian MI?-lrx lacking NH^ - 

^.^^ terminal amino acids corresponding to am.ino acid 
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residues 1-9 or 1-10, having substantial homology to 
the native MIP-1( molecule. 

A still further aspect of the present 
invention is directed to a method of inhibiting the 
biological activity or the in vivo biological activity 
of native MCP-3, RANTES and MlP-la comprising adding 
to the native MCP-3 RANTES and MlP-la (if in vitro) or 
if in vivo adm.inistering to a host, e.g., mamm.al (for 
example, human) a therapeutically effective amount of 
an analog of MCP-3, RANTES or MlP-la for a time and 
under conditions sufficient to inhibit the biological 
activity of the native molecules. 

Another aspect of the present invention is 
directed to a method of treating inf lamraatory diseases 
in a maiTunal suffering 'from said diseases comprising 
administering to said mammal a therapeutically 
effective amount of the analog of the present 
invention . 

A further aspect of the present invention is 
directed to a method of treating autoimumune disorders 
in a mammal comprising administering to a mammal in 
need thereof a therapeutically effective amount of an 
analog of the present invention. 

Another aspect of the present invention is 
directed to pharmaceutical compositions comprising an 
antagonistically effective amount of one or more of 
the aforementioned analogs and a pharmaceutically 
acceptable carrier. 
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BRIEF DESCRIPTION OF THE FIGURES 

1 

Figure lA is a graph showing NH,- terminal truncatiion 
of RANTES and MCP-3 resulted in a loss of chemotaccic 
activity on THP-1 cells. 

Figure 13 is a graph showing the NH^ - terminal 
truncated RANTES analogs ( RANTES ( 6 - 6 8 ) , RANTES ( 7 - 6 8 ) , 
RANTES ( 8 - 68 ) , RANTES ( 9 - 6 8 ) , and RANTES ( 1 0 - 6 8 ) ) had no 
de tec tab 1 e ac 1 1 vi ::y . 

10 

Figure IC is a graph showing truncation of the 
residues 1-9 of MIP-l:y (MIP-1> (10-70)) reduced 
activity by more than 95% of the native MlP-la, 
further truncation resulted MIP-1(~^ (11-70) which 
^rr^ completely lost chemoat tractant activity on THP-1 
cells. 

Figure 2A is a graph showing RANTES antagonist 
activity of the RANTES (9-68) analog titrated at the 
or indicated concentrations against RANTES and MCP-3 in a 
chemotaxis assay using THP-1 cells. 

Figure 2E is a graph showing MCP-3 antagonist activity 
of tne MCP-3 (10 -76) analog titrated at the indicated 
or concentrations against MCP-3 and RANTES in a 
chemotaxis assay using THP-1 cells. 

Figure 2C is a graph showing the inhibition of MlP-la 
induced (10 nM or lO '^M) THP-1 miigration by MI?-lcv(10- 
or, 70) and MIP- la (11 - 70) . 



BNeOOCIO: <WD_«06761A1JA> 



wo 98/06751 



PCT/US97/ 14485 



7 - 



Figure 2D is a graph showing the inhibition of RANTES- 
1 inducea (10 vM or 10 'M) THP-1 mxgracion by MIP-LvdO^ 
70 ) and MIP- l'"< (11-70) . 

Figure 3A is a graph showing RANTES antagonist 
activity of RANTES(9-68) titrated at the indicated 
concentrations against RANTES - induced and MCP-3- 
induced N-acetyl-(-D-glucosaminidase release using 
human blood monocytes. 

IC Figure 3B is a graph showing MCP-3 antagonist activity 
of MCP-3 (10-76) titrated at the indicated 
concentrations against mCP - 3 - induced and RAMTES- 
induced N-acetyl-L-D-glucosaminidase release using 
human blood monocytes. 



15 



2( 
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TT^gures 3C and 3D are graphs showing MlP-la antagonist 
activity of MIP-la(10-70) and MIP- la ( 11 - 70 ) titrated 
at the indicated concentrations against MIP - la - induced 
and RANTES - induced - N - acetyl - 3 - D - glucosaminidase 
release using human blood monocytes. The 
concentration of MIP- la and RANTES used was 30 nM. 

Figures 4A and 4B are graphs showing competitive 
binding to THP-1 cells of unlabeled RANTES and 
RANTES (9 -68) titrated at the indicated concentrations 
in the presence of 4 nM labeled RANTES (A) , and 4 nM 
labeled MCP-3 (B) . 

Figures 4C and 4D are graphs showing competitive 
binding to THP-1 cells of unlabeled MCP-3 and MCP- 



35 



BNBCXX5ID: <WO_9e(W761A1JA> 



wo 98/06751 




PCT/l S97/I4485 



3(10-76) titrated at the indicated concentrations in 
1 the presence of 4 nM labeled MCP-3 (D) and 4 nM 
i aoeled RANTES (C) . 

Figure 4E is a graph showing competitive binding to 
TH?'l cells of unlabeled MC?-3 and MCP-3(8^76), MCP- 
3(^-76), MCP-3 (10-76) and MC P - 3 ( 1 1 - 7 6 ) titrated at the 
:.ndi.cated concentrations in the presence of 4 nM 
labeled MCP-3 . 

10 Figure 4F is a graph showing conpetitive binding to 
THP-1 cells of unlabeled RANTES and RANTES (6-68), 
RANTES (7-68), RANTES (8-68), R/^NTES (9-68) and RANTES 
(10-68) titrated at the indicated concentrations in 
the presence of 4 nM labeled RANTES. 



Figure 5 is a graph showing competitive binding to 
THP-1 cells of unlabeled MlP-la and MIP - lex ( 1 0 - 7 0 ) and 
MlP-la(ll-70) titrated at the indicated concentrations 
in the presence of 4 nM labeled MlP-la. 

Figure 6 is a chart sumir.arizing the binding and 
antagonist activities of MlP-la, RANTES and MCP-3 
analogs . 

2^ Figure 7 is a graph showing competitive binding to 

THP-1 cells of unlabeled RANTES and RArJTSS ( 9 - 6 8 ) and 
RANTES (9-68, P9T) titrated at tne indicated 
concentrations in the presence of 4 nM labeled MCP-1. 
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y^iqure 8 is a graph which shows thar. huir.an RAKTES{9- 
68) was able to bind to the receptor on mouse 
perxtoneal macrophages. Native human RANTES d.d not 
significantly bind to mouse peritoneal macrophages. 



1 
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15 



figures 9A and 9B are graphs showing that daily i.P- 
"injections of RANTES (9-68) inhibited the swelling and 
thi incidence of arthritis in treated mice. 

Figure 10 is a chart showing untreated control animals 
ard animals administered a peptide control developed 
rheum.atoid arthritis, substantial infiltration of 
mononuclear cells into the synovial tissue, expensive 
hyperplasia of the synovial lining, pannus formation 
and bone and cartilage damage. In contrast, animals 
treated with RANTES (9 -68) exhibited no invasive 
pannus, no bone or cartilage damage and insignificant 
inflammatory infiltration. 



Figure 11 is a graph which shows that human MCP-3 (9- 
76) was able to bind to the receptor on mouse 
" monocytes. Native human MCP-3 did not significantly 
bind to miouse monocytic cells. 

Figure 12 is a graph showing that daily i.P- 
p. injections of MCP-3 (9-76) inhibited the swelling and 
the incidence of arthritis in treated mice. 
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DETAILED DESCRIPTION OF THE INVENTION 

1 

One aspect of the present invePxtion is 
directed to NK , - terminally truncated analogs of three 
numan chemokines, MCP-3, RANTES and MIP-1.., useful for 
t; treating inf larrjnatory conditions and autoiminune 

disorders. Inf larrjnatory conditions contemplated by 
the present invention include both acune and chronic 
mf lamLmatory diseases. Examples include, but are not 
limited to, arthritis, asthma, colitis, psoriasis, 

10 atheromas and the like. Examiples of autoimjnune 

conditions include rheum^atoid arthritis and multiple 
sclerosis and the like. As defined by the present 
invention an NH. - term.inal ly truncated chemokine analog 
acts as an ancagonist to a corresponding native 
chemokine. The antagonistic activity of the chemokine 
analogs of the present invention includes inhibition 
of biological activity induced by corresponding native 
chemokines . 

In the application, the products of the 

20 present inven::ion are referred to by various rerms, 
including "analogs of the present invention", "NH.- 
•lerminally truncated analogs", "polypeptides of the 
present invention", "antagonists of the corresponding 
chemokines", etc, are used interchangeably and denote 
equivalent expression. 

As defined by the present invention 
biological activity refers to the biological activity 
of the native chemokines, as measured by standard 
assays, including but not limited to receptor binding, 

-jr. chemotaxis, calcium mobilization and exocytosis 
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characterized by n- Acetyl - p - D - glucosammxdase release 

ard eiastase release. 

Preferred MCP-3 analogs of the present 
invention include: MCP-3 (7-76), (8-76), (9-76), (10- 
76) and (11-76). Preferred RANTES analogs of the 
. present invention include: RANTES (6-68), (7-68), (8- 
' 68) (9-68) and (10-68). Preferred MlP-la analogs of 
the' present invention include: MIP - 1« ( 9 - 7 0 ) , (10-70) 

and (11-70) . 

AS defined by the present invention any 
reference by number to an amino acid in an analog, 
e q MCP-3 analog will be a reference to the 
corresponding residue number from the amino acid 
sequence of the native molecule shown in Table 1. For 
example, where the first 7, 8, 9 or 10 amino acids of 
MCP-3 are truncated (as is the case for the MCP-3 
analogs shown in Table 1) the analogs will be referred 
to MCP-3 (8-76), MCP-3 (9-76), MCP-3 (10-76) andMCP- 
3(11-76), respectively. 

The analogs of the present invention 
comprise an amino acid sequence that is identical to 
the corresponding region of the native molecule, or a 
polypeptide fragment having a region that is 
substantially homologous to all or part of a region of 
the corresponding native molecule while still 
maintaining the antagonist activity to the 
corresponding native molecule. The analogs of the 
present invention maintain the ability to 
competitively bind at the receptor site of the 
corresponding chemokine. Analogs which are 
"substantially hom.ologous" to all or part of a region 
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ot the nacive moiecule are charac ten ::ed as having 
1 rrorr. 1-10 anino acid de]G^ion3, additions or 

substitutions that do not result in an analog losing 
its ability to compete with a native cherr.okine for 
binding to a chemokine receptor while still retaining 
'3 the antagonist activity. It is preferred that the 
MCP-3 analogs of the present invention are at least 
about 80% homologous to native MCP-3 and can have as 
much as 100% homology to native MCP-3, inclusive. 
More preferably, MCP-3 analogs of the present 

10 invention are at least about 85% homologous to native 
MCP-3. Still m.ore preferably, MCP-3 analogs or the 
present invention are at least about 90% hom.ologous to 
native MCP-3. Most preferred MCP-3 analogs of the 
present invention are at least about 95% homologous to 

j:-: native MCP-3. RANTSS and MlP-la analogs of the 

present invention are preferably at least about 60% 
homologous to the corresponding native polypeptides 
and can extend to as much as 100% homiology to the 
corresponding native polypeptides, inclusive. The 

2r; RANTES analogs and MlP-la analogs of the present 

invention are preferably at least about 60% homologous 
to the native polypeptides and more preferably at 
least about 75%, even more preferably at least about 
85% and most preferably at least about 90% and 95% 
homologous to the native chemokine. 

Polypeptides having truncation at both the 
N-terTtinal end and the C- terminal end are also 
contemplated to be within the scope of the present 
invention. For example, up to 10 amino acids can be 
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truncated from tne C- terminal end o£ the analogs 
described hereinabove. 

It is noted that it is well known in the art 
that certain amino acids can be replaced with others 
resulting in no or relatively little change m the 
properties of the polypeptide. Thus, for example, 
specific amino acid substitutions that may be 
tolerated in each analog of the present invention 
irc^ude: Glu or Asn for Asp; Asp or Gin for Glu; Arg 
for Lys; Lys for Arg; Asn for His; Pro for Gly; Gly or 
.^hr for Pro; Asn or Met or Leu for Gin; Gin, Ser or 
Ala for Asn; Ser, Val or He or Pro for Thr; Thr or 
Ala for ser; Phe for Tyr; Tyr for Phe ; He, Val, or 
Met for Leu; Ser for Ala; and any combinations 
thereof As defined by the present invention, e.g. 
"P9T" denotes a substitution of the amino acid Proline 
fo^ the amino acid Threonine at position 9 of the 
native molecule. Similar modifications denoted by the 
single amino acid code followed by a molecule position 
number and the substituting amino acid are 
contemplated by the present invention (see Figure 9). 

The present inventors have found that there 
ar- certain portions of the polypeptides of the 
present invention that must be maintained and cannot 
be modified. More specifically, deletion of certain 
amino acids from the native chemokines and the 



1^ 



20 



^ antagonists of the present invention will result m a 
loss of receptor binding capability. For example, 
deleting the disulfide bridge in MCP-3 or MCP-3 
analogs (i.e. the cysteines at positions 12 and 52) 
will result in conformational changes and will 
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preclude recep^ior binding. Similar results have been 
1 discovered in RANTES (i.e. deletion ot cysteine 11 and 
50) and MIP-1,> (i.e. deletion of cysteine 12 and 51). 

The inventors have also discovered that 
extensive substitutions may be made to the C- terminal 
region of e.g. MCP-3 of residues 23-76 without 
significant loss of MCP-3 receptor binding. However, 
it is preferred that am.ino acids 13-22 of an MCP-3 
analog are the same as in the native MCP-3. 

Tne analogs arc s^,'nthesi::ed using art 

1Q recognized techniques in peptide chemistry. For 

exam.ple, they may be synthesized by adding one amino 
acid at a timie to an am.ino acid or peptide. The amino 
acids or peptide contain the appropriate protecting 
groups on the side chains and on the N-termdnal 

]_5 portions thereof. The first amino acid containing the 
appropriate protecting group on the N- terminus and the 
side chain is coupled to a second amino acid having a 
protecting group on the side chain and the C-term.inal 
end in the presence of a peptide coupling reagent, 

2Q such as DCC to form the resulting peptide. 

Preferably, the C- terminal end is bound to a resin so 
that the peptide is built from the C- terminal end to 
the Isj- terminal end thereof. After the peptide is 
formed, another Nu - protected amino acid having side 

pr^ chain protection is coupled to the peptide formed 
previously. This process is continued until the 
desired peptide is form.ed; then the protecting groups 
are remiOved by art recognized techniques and the 
peptide is removed from, the resin by art - recognized 
techniques . 
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An exerr'.plary procedure for polypeptide 
1 svrchesis of the compounds of the present invention is 
as follows. The analogs are preferably synthesized 
using tBoc chemistry on a peptide synthesizer and 
purified using reverse phase HPLC . The synthesis xs 
5 started with a protected C- terminal amino acid linked 
to a cross -linked polystyrene resin via a 4 - 
(carboxamidomethyl) benzyl ester linkage (the so- 
called pam resin) (0.4 mmol of 0.8 nmol/g of aminoacyl 
resin). Na-t-Boc acids with appropriate side chain 
10 protecting groups are added in a stepwise fashion 
uP^il the entire protected polypeptide chain is 
formed. The groups utilized for side chain protection 
are those commonly used in this art. Examples 
include: benzyl (Asp/Gly, Ser and Thr) ; 4- 
methylbenzyl (Cys) ; toiuenesulf enyl (Arg) ; 2- 
chlorobenzyloxycarbonyl (Lys); 2- 
bromobenzvloxycarbonyl (Tyr) ; formyl (Trp) ; 
benzyloxymethyl (His); and none (Ala, Asn, Gly, Gin, 
lie. Leu, Met, Phe, Pro, Val) . Samples may be taken 
after each step to retrospectively m.onitor the amino 
acid coupling yields using a ninhydrin -based reaction 
following the procedures of Sarin, et al . (1981) Anal. 
^ioP.^em. 117:147 -157. The resin is dried and cleaved 
uiing the "low-high" hydrogen fluoride method as 
described by Tarn, et al . (1984) ^h^rn, Soc. 

105:6442-6485 (the contents of which are incorporated 
herein by reference) , except for the following 
modifications: after the 25% hydrogen fluoride step, 
the partially protected peptide resin is filtered from 
the reaction mixture by using an all -Teflon filtration 
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apparatus fitted with a Zitex filter and washea v;ith 
1 aichloroniethane and dried before the high 90% a\'droger: 
fluoride step. The eth^'l acetate precipitate of the 
material released from the resin is dissolved in 50 ml 
of 6 M guanidine hydrochloride, 0.1 M Tr i s - ace ta te , pH 
t 3.5, and 10% 2 - mercaptoe thanol . This m.ixture is the 
crude peptide product. 

7\1 ternately , histidine may be protected with 
p - benzy loxv'^ethyl instead of dini t rophenyl . The p- 
rjenzylox\7T\ethyl group is acid labile, thus eliminating 

l'"' the need for thiolysis of the dini t rophenyl group 
before and after hydrogen fluoride deprotec t ion . 
Acetylation is carried out on the N^- deprotected, but 
otherwise fully protected peptide resin, using acetic 
anhydride (50%) in dim'e thyl f ormamide . 

15 The crude peptide product may be purified 

and folded by art recognized techniques. The 
following protocol is exemplary: three different C-18 
silica HPLC columns may be used in the purification 
and anal'/sis of the peptide, including a preparative 

20 columin (22.4 x 250 mm column with a 22.4 x 100 mm 
guard colum.n) packing with 12 urn., 300 -A pore size 
packing (Dynam.ax, Rainin Instrument Co., Woburn, MA) ; 
a semipreparat ive column (10 x 250 rrurj Vydac C018 
column, with 5 - urn particle, 300-A pore-size packing 
(Separations Group, Hesperia, CA) ; and an analytical 
column (4.6 x 250 mm) (Vydac) containing the same 
packing. The crude peptide product is first acidified 
to pH 4.0 with 20% acetic acid and filtered. The 
crude peptide product is then loaded onto the 
preparative column and the retained m.aterial eluted 
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^ 0-60% warer-acetonitrile gradient in 0.1% 
trifluoracetic acid over 4 hours at a flow race o£ 15 
ml/min. A sample (25 uD of fractions contamrng 225- 
rm UV- absorbing material is rerun on the analytical 
column and by comparison with the profile of the crude 
material, fractions containing the major peak are 
pooled and lyophilized. 

To fold the protein, the material is 
reconstituted in 1 M guanidine hydrochloride and Tris- 
acetate, pH 8 . 5 , in 10% dimethyl sulfoxide (DMSO) at a 
roncentration of 0 . 2 mg/ml and stirred overnight in a 
covered beaker. MlP-la is folded as above in the 
absence of DMSO. MIP-lu (10-70) andMIP-la (11-70) 
are folded m 10% DMSO in water. This procedure 
promotes formation of the disulfide bridges by 
oxidation of the appropriate half - cysteines . The 
materials are acidified with 2 ml of acetic acid, and 
half is loaded onto the semipreparative column and the 
retained material is eluted with the same gradient as 
described above at a flow rate of 3 ml/min. Samples 
of each fraction are run on the analytical colum.n. 
Fractions containing only material with the retention 
time of the major peak in the folded material are 
pooled and lyophilized. 

An assay for free sulfhydryls using Ellman 
reagents, as described by Clark-Lewis, et al . (1988) 
P.O. N.tl. Acad _Sai..-IiaA 65:7897 -7902, may be used 
to determine the extent of folding. In addition, 
folding may be monitored on the analytical HPLC column 
bv observing the appearance of a peak corresponding to 
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Lh^ loiaed tor:r thau has a re:.er:t:ion time 
1 approxiir.atie^y 3 minutes earlier than the reduced form.. 
Analog purity may be assessed on an 
anal'^'tical HPLC column or by other means such as 
isoelectric focusing. An exemplary protocol for 
isoelectric focusing is as follows. Mini 
polyacrylamide gels (Pharm.acia PHAST gels, lEF 3-9; 
PnEirmacia, Uppsala, Sweden) are washed in 8 M urea and 
then in 8 M urea containing pH 9-11 Ampholytes 
(Pnarmacia), for 30 minutes each, either with or 

10 without 10 uM di thiothrei tol . Gels are prerun for 15 
V-h at 2(3 0 -V, 2.0-mA, 3.0-miVJ maximum settings, and the 
sam.ples are loaded and run for 410 V-h at 1000 -V, 5.0- 
mA, 3 . 0 - m.W m.aximum. settings on the Pharmacia PHAST 
systems for a total of 500 -V with maximum settings of 

15 2,0-mW, 5.0-mA and 1000-V. The pH gradient may be 

determined by using a surface pH electrode. The gels 
may be stained with silver by using the PHAST 
developing systems as described in the Pharmacia 
manual . 

20 Sequencing of analogs may be determined by 

protein sequencing, for example by using the following 
prrjtocol. Protein sequences are determined by Edman 
degradations using either solid-phase or gas -liquid- 
phase methods. For solid-phase sequence analysis, 

2^;^ reduced and carboxymethyla ted protein or proteolytic 
cleavage fragm.ents are coupled to arylamine- 
f unc t ional i zed poly { vinyl idenedi f luor ide) membranes 
(Sequelon AA; Mi 1 1 igen/B iosearch , Burlington, MA) 
using the water-soluble carbodiimide 1 - ethyl - 3 - 3 i 3 - 

-^f. {dim;ethylamino) propyl] carbodiimide hydrochloride and 
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sequenced in a 1 1 igen/ Biosearch Model 6600 sequencer 
using standard protocols. For gas - 1 iquxd - phase 
sequence analysis, polypeptides may be applied to 
Polybrene-coated glass fibre disks and sequenced in an 
Applied Biosystems Model 477 protein sequencer using 
standard protocols. Sequencing of protected peptide 
resins may be carried out on Na - deprotected samples by 
using the same methods. N- terminal solid-phase 
sequencing runs usually reveal a major portion of the 
sequence. The remaining sequence is obtained by runs 
of the HPLC- fractionated fragments, derived either by 
proteolytic cleavage with Asp - N - endoprotease 
(Boenringer Mannheim Canada, Laval, Quebec) or by 
chemical cleavage, through preferential hydrolysis of 
the ASP- Pro peptide bond in dilute formic acid. 

Molecular weight of the synthetic proteins 
prepared as described above are determined by art- 
recognized techniques, such as electrospray mass 
spectrometry on a SCIEX triple quadruple Mass 
Spectrometer equipped with a liquid delivery 
apparatus. The molecular mass from the peaks 
corresponding to the charge to mass ratios of the 
different multiple ionized species of the protein can 
also be analyzed as described by Convey, et al . (1988) 
pn pid rommr -, ^P^ctrom. 2:249 - 256. 

The chemokine analogs of this invention may 
also be prepared through recombinant means, with 
expression in mammalian or non-mammalian systems. 
Portions of a DNA sequence encoding, e.g., MCP-i, 
appropriately modified to produce the desired analog 
when the DNA sequence is expressed. Methods and 
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prccoco-s tor preparation and expression of such 
1 recorr.binani DICA are knov;n in the art, including the 
protiocol described by Masure, et al . (1995) J . 
Interferon Cytokine Res. 15.:955 - 963 used for 
production of mutant MCP-3 proteins, incorporated 
Herein by reference. 

In accordance with the present invention, 
the inventors have discovered that, in contrast to the 
f ul ::. - lengtn native forms, the analogs of the present 
invention were antagonists to the corresponding native 
molecules. Moreover, they lacked detectable 
chem.oa t r rac- an t activity for the receptor carrying 
cells. For example, RAMTES (9-68), MCP-3 (10-76) and 
Ml?-la (10-70) lacked detectable chemoa t trac tant 
activity for hum.an THP-l monocytic cells. RANTES (6- 

ir^r 68), (7^68), (8 - 68) and (10-68) also lacked 

chemoat tractant activity for T-cells, monocytes, NK 
cells, basophils and eosinophils. MCP~3 (8-76), (9-76) 
and (11-76) also lacked activity for human CD4-*- and 
CD8+ T lymphocytes, MK cells, eosinophils and 

2r, basophils. MIP-1^^ similarly lacked chemoa ttrac tant 
activity for monocytes and human T-cells. 

In accordance with the present invention, 
the inventors have observed certain regions within the 
native chem.okines which are essential for their 

2^ functional activities. Specifically, NH^, - terminal 
amino acid residues within the 1-5 region of native 
RANTES, residues within the 1-7 region of native MCP-3 
and residues within the 1-9 region of native MIP-1'> 
are critical for chemoat tractant activity and receptor 

-jr^ activation, for example. However, by truncating the 
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1-b reaion or native RANTES, 1-7 region of native MCP- 
3 and ^^-9 region of native MIP-L., the resulting 
molecules become antagonists to the native chemokines . 

The inventors have also discovered that the 
truncated chemokine analogs of the present invention 
act as antagonists to native, full-length chemokines 
and do not possess the chemoattractant activity. For 
example, RANTES (9 - 68) , MCP-3(10-76) andMIP-lu (10-70) 
inhibited the biological activity (e.g. 
chemoattractant activity and N-acetyl - 3 -D- 
giucosaminidase release, elastase release and 
intracellular calcium mobilization) induced by the 
corresponding native forms. 

in accordance with the present invention, 
th.- inventors have assessed the receptor - binding 
sp-cificity of the truncated analogs. The inventors 
have discovered significant cross - receptor binding 
among the identified chemokine analogs of the present 
invention. Thus, for example, unexpectedly, RANTES 
(9-68) inhibited native RANTES, MCP-3, MCP-1 and MIP- 
lo-induced chemotaxis and N - acetyl - P - D - glucosaminidase 
release and intracellular calcium mobilization. 

The inventors also observed that MCP-3 (9- 
76) and MCP-3 (10-76) inhibited native MCP - 3 - induced , 
RANTES -induced, MCP - 1 - induced , calcium mobilization, 
25 monocyte N- acetyl - P - D - glucosaminidase release and 
chemoattractant activity. 

The inventors have further observed that 
MlP-la (10-70) inhibited native MI ?- la/ »- induced and 
RANTES -induced monocyte n - acetyl - 1- D - glucosaminidase 
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release and chemoac tractanc activity and calcium 
1 T.oio 1 1 i ::a t ion . 

The present inventors have determined that 
the polypeptides (analogs) of the present invention 
act as antagonists to the effects of native RANTES, 
5 MlP-i"', and KCP - 3 in various tests, such as chemo taxi s , 
calciuT: mobilization, receptor binding in THP-1 cells 
(a m.onocytic cell line) . Based upon these 
oDserva t ions , the inventors concluded that the 
polypeptides of the present invention are useful in 
10 blocking the effects of native RANTES, MIP-l-.^ and MCP- 
3 m.oiecuies and thus are useful as therapeutic agents. 
A preferred use of the polypeptides of the present 
invention is in blocking the effects of RANTES, MIP-lu 
and MCP-3 in the recruitment and/or activation of pro- 
le:; inflammatory cells. Thus, the present invention has 

utility in the treatment of such inf lamima tory diseases 
as asthma, allergic rhinitis, colitis, psoriasis, 
atneromas, dermatitis and the like. In addition, the 
polypeptides are also useful in the treatment of 
20 autoimmune diseases, e.g., rheumatoid arthritis. For 
example, the inventors have observed that the analogs 
of the present invention (e.g. RANTES antagonists) are 
useful in treating autoimmune disorders (e.g., 
rheumatoid arthritis) in mammtals. The inventors have 
2l:; determined that the analogs of the present invention 
prevent the onset of rheumatoid arthritis in MRL-lpr 
mice. The inventors have discovered that 
administration of e.g., RANTES(9-68) significantly 
inhibited the clinical incidence of adjuvant enhanced 
arthritis for 30 days in an autoimmune m.ouse model 
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(MRL-lpr mice have lupus erythematous and rheumatoid 
arthritis similar to the corresponding human 
diseases) . 

In another aspect of the present invention, 
methods for inhibiting the biological activity of 
native chemokines are provided which involve 
administering a therapeutically effective amount of a 
truncated analog of the present invention to a mammal 
to treat, e.g. inflammatory diseases and autoimjnune 
diseases . 

In another aspect of the present invention, 
the NH,- terminally truncated chemokine analogs of the 
present invention are administered in pharmaceutical 
compositions. The analogs of this invention may be 
administered as a nasal spray for upper respiratory 
treatments or as an aerosol inhaler for lung 
conditions. The analogs may also be used in topical 
applications. The analogs may also be administered 
via an osmotic pump or in a sustained release 
formulation. Alternatively, the analogs of the 
present invention may be delivered by injection. It 
is preferred that zhe injection is intramuscular or 
intraanal. However, the present invention also 
contemplates intradermal, intraperitoneal or 
intraarticular injections as well as long term 
continuous delivery via subcutaneous osmotic pump or 
sustained release formulations. 

Other methods of in vivo and in vitro use of 
the chemokine analogs of the present invention will be 
readily apparent from the examples herein and the 
assays described above. The chemokine analogs of the 
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present iiiver.tiion are pr'esent in rhe \'arious 
1 pharnaceu tical f orrr.ulacions described nereinabo'.^e in 
an "antagonistically effective amount" or 
"therapeutically effective" amount. "Antagonistically 
effective amount" or "therapeutically effective" 
n amiount as used herein is defined as an amount of 

chemokine analog sufficient to significantly inhibit 
the biological activity of native chemokines but low 
enough to avoid serious side effects such as toxicity, 
tor example (at a reasonable risk/benefit ratio) 

10 within the sound medical/scientific judgment of the 
skilled artisan. However, it is preferred that the 
dose of the form.ulation contains between 0.01-1 mg/kg 
for a nasal spray and 0,1-10 mg/kg for other forms of 
delivery. It is most preferred that the formulation 
contains between 0.01-0.1 mg/kg for a nasal spray and 
0.1-1 m.g/kg for other forms of delivery. The dosage 
schedule of the chemokine analogs will typically be 
determined (at a reasonable risk/benefit ratio) within 
tne sound medical/scientific judgement of the skilled 

on artisan. However, it is preferred that the chemokine 
analogs are administered at least about 3 timies per 
week. It is most preferred that the chemokine analogs 
are administered on a daily basis. 

The exact dose of a chemokine analog of the 

or, present invention to be used in a particular 
application may be determined by accepted 
pharmaceutical methods known to the skilled artisan. 
This is accomplished by conventionally measuring the 
concentration of analog in the blood and determining 

o^-, the analog half -life. Without wishing to be bound, it 
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is believed that the analogs of the present invention 
1 have what would otherwise be an unexpectedly high half 
life for similar polypeptides due to molecular 
stability at body temperature and due to the high 
binding affinity to their receptors. 

Pharmaceutical compositions comprising the 
analogs of the present invention additionally contain 
pharmaceutical vehicles, such as carriers and 
adjuvants described in the literature of 
pharmaceuticals and related fields. The analogs of 
the present invention are formulated by the skilled 
artisan, using art - recognized techniques, taking into 
consideration the nature of the polypeptide compounds 
and the desired mode of administration. The product 
of the present invention are soluble and are therefore 
readily formulated in physiological buffers, e.g. 
physiological saline. 

The inventors have observed that unlike 
other chemokines, native human RANTES and MlP-la form 
aggregates in physiological conditions (e.g. at about 
pH 7.2) at concentrations as low as 100 nM. This 
presents a significant hurdle to in vivo applications 
because therapeutic efficacy usually requires much 
higher concentrations of the active compounds (i.e., 
up to 2 mM) . However, the present inventors have 
surprisingly discovered that the tr\mcated chemokine 
analogs of the present invention exhibit no 
aggregation at concentrations above about 1 uM. 
Therefore, the truncated chemokine analogs (e.g. 
RANTES and MlP-la) of the present invention are highly 
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soluble, and zr.us facilitate more in vivo applications 
1 than their native counterparts. 

In addition, the chemokine analogs of the 
present invention can also formulated in sustained 
release delivery systems or topical formulations 
^3 containing an aqueous component. 

MCP-3, RANTES and KIP-1\ analogs of the 
present invention are assayed for biological activity 
by use of a rytosol ic - f ree calcium assay, a chemotaxis 
assay using cells of monocytic origin, or by other 

l,Q conventional assays for MCP-3, RAMTES or MIP-l.^ 

activity including but not lim.ited to: assays to 
determine exocytosis of leukocytes such as elastase 
release and N - acetyl - - D - glucosaminidase release, 
superoxide production,' histamine release, ETC, release 

]_r-, and the like. 

The invention will now be illustrated by 
means of the following non- limiting examples. 

In the following example, analysis of 
cytosolic - f ree calcium was carried out using the 

20 following protocol. Cells (4 x 10") are loaded with 

12, 5 ug/m.l Fluo-3AM or Fluo-2 in PBS saline with 0.38 
mq/ml Pluronic F127 (Molecular Probes, Eugene, OR) at 
3^ C for 30 m.inutes. After washing with PBS, the 
cells were resuspended in 25 mM Hepes, 140 mM NaCl, 10 

2c^\, mM glucose, 1.8 mM CaCl., 1 mM. MgCl., and 3 mM KCl , pH 
7,3. The fluorescence was monitored at 7 second 
intervals over 150 seconds, after addition of test 
sam.ple. Maximum Ca^" levels were established using 
F1UO-3AM or ?luo-2 {Designated 100% saturation) for 
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:h set of measurements by addition of b uM lonomycin 
1 (Sigma Chemical Co., St. Louis, 'O). 
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EXAMPLE 1 

1 

Representative polypeptides of the present 
invention were tested for their functional activity 
according to the procedure described hereinabove. The 
5 results are as follows. In contrast to the full- 
length native forms, RANTES (9-68), MCP-3 (10-76) and 
MlP-l^t (10-70) lacked detectable chemoa t :: rac tan t 
activi-'^' for human TKP-1 monocytic eel is (Figures lA- 
IC) . In addition, for human blood - derived monocytes, 

10 nei:iher chemotaxis nor N - acetyl - - D - glucosaminidase 
release was detected up to 1 uM. RAKTES (6-68), (7- 
68), (8-68) and (10-68) as well as MCP-3 (8-76), (9- 
76) and (11-76) also lacked chemoat t ractant activity 
(rligure IB). MlP-la (10-70) had only minor activity 
(about 3% of that of the corresponding native MlP-la) . 
MlP-la (11-70) had no detectable activity. Thus, 
residues within the 1-5 region of native RANTES, 1-7 
region of native MCP-3 and 1-9 region of native MlP-la 
are essential for the functional activities of the 

or; native chem.okines . Truncation of these regions 

resulted in a com.plete loss of e.g. chemoa 1 1 rac tan t 
activity of the native chemokines. 
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EXAMPLE 2 

Inhibition of native MCP-3, RANTES or MlP-la 
mediated chemotaxis are determined by using the 
aforementioned chemotaxis assay. Constant amounts of 
MCP-3, RANTES or MlP-la (e.g. 10 nM) are added to each 
well, and the analogs are titrated in the assay. 

Cell preparations for use in the 
aforementioned assays consist of human monocytes, or 
monocytic cell lines such as the cell line THP-1. 
THP-1 were obtained from Am.erican Type Culture 
Collection (Rockville, MD) and may be, optionally, 
maintained in RPMI 1640 medium supplemented with 10% 
FCS. 

Human monocytes were isolated from buffy 
coats of normal donor blood by the following protocol. 
A cell suspension was loaded onto Ficoll -Hypaque 
(Pharmacia, Uppsala, Sweden) and centrif ugated at 400 
g for 25 minutes followed by density centrif ugation on 
a discontinuous Percoll (Pharmacia) gradient at 500 g 
for 30 minutes. Cell fractions with a density of 
1.051-1.053 (g/ml) were generally greater than 70% 
monocytes by morphology and were used in the assay. 

RANTES (9-68), MCP-3 (10-76), MlP-la (10-70) 
and MlP-la (11-70) were tested for their antagonist 
activities. All three inhibited the activity induced 
by the corresponding native forms (Figures 2A-2D) . 
RANTES (9-68) fully blocked the chemoattractant 
activity of RANTES for THP-1 cells, and 41 nM was 
required to inhibit the agonist activity of 10 nM 
native RANTES by 50% (IC„ = 41 nM) . Similar results 
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v;ere obtained for migration or peripherai oiood 
1 monocyr^es . The ability of RANTES (9-58) to inhibit 
cnennokine - induced exocytosis from human blood 
m':cioc:,-te3 was assessed by measuring the release of N- 
aoe tyl - - D - glucosaminidase . A 10- fold lower 
3 concentration (IC.^^ 4 nM) of RANTES (9-68) was 

required to inhibit RANT2S - induced enzyir.e release than 
was needed for similar inhibition of chemotaxis 
(Figure 3A) . 

To test the specificity of the three 

10 truncated antagonists, their ability to inhibit the 
activities induced by RANTES, MCP-3 and MIP-1 v was 
examined (Figures 3A-3D). The RANTES (9-68) analog 
comipletely inhibited both MCP-3 and MlP-la induced 
c nemo taxis and N - acetyl - p - D - glucosaminidase release . 

jrr. Tne respective ICey values were 200 nM and 126 nM for 
THP-1 cell chemotaxis and 170 nM and 20 nM for 
m.onocyte release activity (Figure 6). Thus RANTES (9- 
68 J inhibited all the chemokines, but it had the 
highest potency for RANTES. 

20 MCP-3 (10-76) was found to inhibit MCP-3 

induced m.onocyte N - ace tyl -['>- D ^ glucosaminidase release 
wich an IC.^., of 37 nM and also chemoat trac tant activity 
IC,. 470 nM. Thus it was less potent than RANTES (9- 
68) for RANTES - stimulated activities. However, MCP-3 
(10-76) also inhibited RANTES - induced and MlP-la- 
induced activities with similar effectiveness to its 
inhibition of MCP-3 elicited function (Figure 3B) . 
Furthermore, MCP-3 (10-76) blocked enzym.e release from 
m.onocytes , The IC... values for inhibiting both RANTES 

^r. or MCP-3 induced release were around 10 -fold lower 
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than tor cnemotaxi s of either THP^l cells or 
1 monocytes. Another MCP-3 variant, MCP-3 (9-76), was 
2-3 fold more potent than MCP-3 (10-76) in all the 
inhibition assays . 



or RA:MTES induced monocy te - N - acetyl - 13 " D - 
glucosaminidase release with an IC^,,j of 1 nM (Figures 
3C-3D). MlP-la (10-70) was also found to inhibit 
monocyte/THP- 1 cell migration. MlP-la (11-70) also 
inhibited both chemoat tractant activity and enzyme 

Q release of native MIP-1'^ and native RANTES with an IC. 
of 30 nM and 10 nM, respectively. Because MlP-lrx 
antagonists did not inhibit MCP-3 activity, MlP-la 
antagonists are relatively selective for MlP-la and 
RANTES. Antagonists of native RANTES and native MCP-3 

u have relatively broad inhibitory spectra. 



MlP-la (10-70) was found to inhibit MlP-la 
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EXAMPLE 3 



MCP- 3 , 



RANTES or MIP^l.. receptor binding are 



det:ermined by the following protocol. MCP- 3 (10 ug) 
were labeled wich monoiodina ted Bol ton - Hun ter reagent 
" (specific activity 2,200 Ci/mmol; DuPont, WilT.ington, 
D3) at 4 C for 20 minutes, to provide specific 
activity of, e.g. "''l^labeled MCP-3 of 150 Ci/minol. 
RANTES and MlP-ly were labeled using lac toperoxidase . 
One mCi (3.7 MBq) of IJa"^"^ (ICN Biomedicals, Irvine CA) 
10 and 1 ug of lac noperoxidase (80-150 units -mg \ Sigma) 
were added to 5 ug of RANTES or MIP-l-i in 5 0 ul of 0.5 
M sodium acetate, pH 6.5 at room tem.perature for 3 
min. Saturated tyrosine (150 was added to stop 

the reaction, and the proteins were separated from, the 
label by Sephadex G-25 chromatography. The specific 
activity of '^""I - labeled RANTES was 260 Ci-mmol"^'. 



cells (such as THP-1) at (5 x lO"^ cells) in 200 ul of 
binding buffer (RPMI 1640, 0.5 mg/ml BSA, 50 mM Hepes 

or, and 0.01% Nal) were incubated with varying 

concentrations of ^^T-MCP-3 at 4''C for 30 m.inutes . 
The cells were pelleted through a mixture of 
diacetylphthalate and dibutylphthalate and 
radioactivity that is cell associated was counted 

pcz^ (total binding). Nonspecific binding was determined 
in the presence of a 100 -fold concentration of 
unlabeled ligand and subtracted from, the total 
binding. PCinetic parameters (Kd and receptor number) 
were determ.ined by Scatchard analysis. 



To determine the binding kinetics, monocytic 
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Competitive receptor binding by, e.g, MCP-3, 
analogs is measured by carrying out the aforementioned 
receptor binding protocol wherein various 
concentrations of e.g. MCP-3 analogs are added to the 
cells in the presence of e.g., 4 nM ^'-'l-MCP-3. Non- 
specific binding is subtracted from total binding and 
the result is expressed as a percent of maximum 
specific binding (See Figures 4A-4E and Figure 5) . 

Competition binding studies were performed 
to determiine if the observed antagonist properties 
correlated with their interaction with chemokine 
binding sites . 

The RANTES (9-68) analog competed for 
binding of labeled RANTES. From this data, the 
dissociation constant (K^) was calculated to be 19 nM, 
lEi; that is only about 4-5 fold of that of native RANTES 
binding affinity (4 nM) . Furthermore, RANTES (9-68) 
also displaced labeled MCP-3 (K^ - 57 nM) . Although, 
as expected, native RANTES competed strongly for 
RANTES binding, its competition for labeled MCP-3 was 
2ri very weak and insufficient to derive a K^^ value. 

Thus, truncation of RANTES resulted in a m^arkedly 
increased affinity for MCP-3 binding sites. 

MCP-3 (10-76) competed for MCP-3 binding 
with a of 57 nM and also competed for binding of 
both RANTES (K^ = 50 nM) and MlP-la. The competition 
of the MCP-3 (10-76) analog for labeled MCP-3 was only 
2 -fold weaker than that of full-length MCP-3. For 
RANTES receptors, MCP-3 and MCP-3 (10-76) had about 
the same affinity. The results indicate that MCP-3 
(10-76) had similar affinity for the binding sites of 
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all. three cherr.okines . Similar receptor binding 
1 at"ririit\' data v/ere obtained with MCP-3 (9-76). MCP^3 
(8-76); MCP^3 (7-76) and MCP-3 (6-76) had lower 
receptor binding affinities than MCP-3 (9-76) and MCP- 
3 (10-76). 

5 The MIP-1'^ (10-70) analog competed for 

binding of labeled MIP-1'. with a Kd of 25 nM and also 
competed for binding of RANTES (Kd - 14 nM) and less 
for MCP-3 (Kd - 281 nM) . Native MIP-lV. and MCP-la 
(10-70) had about the same affinity for RANTES 
10 receptors. MI?-1< (11-70) competed only for RANTES 

and MIP-l;;r receptor binding. Uo com.peti tiori for MCP-3 
was observed. Therefore MlP-la (10-70) has higher 
innibitory potency than MlP-la (11-70). 

A further assay that may be carried out to 
determine whether a non - chemotact ic analog binds to, 
e.g. MCP-3 receptors is to measure the ability of an 
analog to desensitize calcium mobilization by MCP-3. 
Follow^ing a first treatm.ent with a MCP-3 receptor 
ligand, the calcium response is temporally 
desensitized to a second treatment with a MCP-3 
receptor ligand. This is determined by carrying out 
the aforementioned cy tosol ic - f ree calcium assay with 
ad'iition of a first ligand, followed by a second 
-ireatment after 60 seconds using either the same of a 
different ligand. A MCP-3 antagonist will not of 
itself stim.ulate calcium induction but when used as 
the first ligand, will desensitize the cells to 
subsequent stimtulation by MCP-3. The following 
example illustrates the result. 



BNeOOaO: <WO_«eoe761A1JA> 



PCT/IIS97/I4485 

WO 98/06751 

-35 



EXAMPLE 4 

^ The truncated analogs RANTES (9-68) and MCP- 

3 (10-76) were tested for their ability to inhibit the 
transient rise of [Ca^*] induced in monocytes by native 
S RANTES and MCP-3. In all cases the truncated analogs 
inhibited the [Ca'^l rise induced by the native 
chemokines . The most potent effect was observed with 
RAMTES (9-68), which at 30 nM totally prevented the 
[Ca^^] changes induced by 10 nM RANTES. For inhibition 
10 of the responses to MCP-3, markedly higher 

concentrations of the corresponding truncated analogs 
were required. At high concentration (1,000 nM) , all 
truncated analogs also attenuated or even prevented 
Che [Ca^*] changes induced by the other chemokines. 
RANTES (9-68) markedly decreased the [Ca^H induced by 
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EXAMPLE 5 



1 



Three monrh old MRL-lpr mice, both male and 



female were injected at two thoracic sites with 
complece Freunds Adjuvant (CFA) only once on day 0. 
On that sam.e day RANTES(9-68) was injected 




ly. Injections of the RANTES analog 



v;ere administered daily for 30 days at 2mg/kg/day. 
The mice were visually examined by (a double-blind 
observation) every five days for appearance of 
10 arthritis. An anim.al was scored as positive for 

arthritis if erythema and swelling of a fore or hind 
paw was observed. In addition ankle width of the hind 
legs were assessed. Hi s topa thology of the lime joints 
were evaluated on day" 30 pos t - ad j uvan t injection. 



receptor on mouse peritoneal macrophages. Native 
20 human RANTES did not bind well to mouse peritoneal 
macrophages. Human RANTES (9 -68) bound to mouse 
peritoneal cells with an affinity (Kd) of 21 nM which 
is sim.ilar to the binding affinity of RANTES (9-68) to 
human monocytes (Figure 8) . 
05 Daily i.p. injections of RANTES (9-68) 

inhibited the swelling and the incidence of arthritis 
in adjuvant treated mice. Treated mice exhibited 
insignificant swelling. In contrast, treatment with a 
control peptide had no inhibitory effect (Figures 9A 
-■0 and 9B) . 



15 



RESULTS : 



Human RANTES (9-68) was able to bind to the 
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5 



10 



Histopathological studies demonstrated that 
uncreated control animals and animals administered a 
peptide control developed rheumatoid arthritis, 
substantial infiltration of mononuclear cells into the 
synovial tissue, extensive hyperplasia of the synovial 
fining, pannus formation and bone and cartilage 
damage. In contrast, animals treated with RANTES(9- 
68) exhibited no invasive pannus, no bone or cartilage 
damage and insignificant inf lamir.atory infiltration 

{ Figure 10 ) . 

Treatment with human RANTES(9-68) for 3 0 

days was not toxic. 
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EXAMPLE 6 

1 

Three month old MRL-lpr mice, both male and 
female were injected at two thoracic sites with 
complete Freunds Adjuvant (CFA) only once on day 0. 
5 On that same day human MCP-3 antagonist MCP-3 (9-76) 
was injected in t raper i toneal ly . Injections of the 
MCP^3 analoq were administered daily for 30 days at 3 
m^g/kg/day. The mice were visually exam.ined (by a 
double-blind observation) every five days for 
10 appearance of arthritis. An animal was scored as 

positive for arthritis if erythema and swelling of a 
fore or hind paw was observed. In addition ankle 
width of the hind legs was assessed. Hi s topa thology 
of the lime joints were evaluated on day 30 post- 
er:, adjuvant injection. 

RESULTS ; 

Human iMCP-3 (9-76) was able to bind to the 
2r receptor on mouse monocytic cells (WEHl 265 cells) . 
Humtan MCP-3 (9-76) did not bind well to mouse 
monocytes. Human MCP-3 (9-76) bound to mouse 
monocytic cells with an affinity (kd) of 57 nM which 
is four- fold lower than that for native MCP-3 (kd 225 
2^:, nM) (Figure 11) . 

Daily i.p. injections of MCP-3 (9-76) 
inhibited the swelling and the incidence of arthritis 
in adjuvant treated mice. In contrast, treatment with 
a control peptide had no inhibiting effect (Figure 

30 
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12). Treatment with human MCP-3 (9-76) for 30 days 

1 was not toxic. 

Thus, in summary, in accordance with the 
present invention, the inventors have discovered that 
NH.- terminally truncated analogs of native chemokines 
lack chemoattractant and other activities. The 
present inventors have also determined that the 
analogs of the present invention competitively bind to 
native chemokine receptors, thereby significantly 
inhibiting or even precluding binding by the 
corresponding native molecules. The inventors have 
also discovered a correlation between the bound 
analogs and their concomitant lack of biological 
activity. It has now been discovered by the present 
inventors that the analogs of the present invention 
are useful in treating inflammatory diseases and 
autoimmune diseases in mammals. 
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WHAT IS CLAIMED IS : 

i_ 

1. An analog of mammalian Monocyte 
Chemoa t trac tant Protein- 3 {MCP-3) lacking KfH^, - terminal 
amino acids corresponding to amino acid residues 1-7, 
5 1-8, 1-9 or 1-10 or MCP-3, having about at least 80% 
homology to said MCP-^ and having antagonist activity 
rhe re to . 



2. The analog according to Claim 1, wherein 
said analog has at least 85% homology to MCP-3. 

3. The analog according to Claim 1, wherein 
said analog has at least 90% homology to MCP-3. 



^r, 4. The analog according to Claim 1, wherein 

said analog has at least 95% homology to MCP-1. 

5. The analog according to Claim 1, wherein 
said analog comprises MCP-3 (9-76) or a fragment 

or. thereof , 

6. An analC'g of mammalian Regulated on 
Activation Norm.al T Cell Expressed and Secreted 
protein (RANTES) lacking NH.- terminal amino acids 

2^.^ corresponding co amino acid residues 1-5, 1-6, 1-7, 
1-8, and 1-9 of RANTES, having about at least 60% 
homology to said RANTES and having antagonist activity 
to said RANTES. 
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7. The analog according zo Claim 6, wherein 
said analog comprises RANTES (9-68) or a tragment 
thereof . 

8. The analog according to Claim 6, wherein 
said analog comprises RANTES (6-68) or a fragment 
thereof . 



5 



15 



9. The analog according to Claim 6, wherein 
said analog comprises RANTES (7-68) or a fragment 

]_Q thereof . 

10. The analog according to Claim 6, 
wherein said analog comprises RANTES (8-68) or a 
fragment thereof . 

11. The analog according to Claim 6, 
wherein said analog comprises RANTES (10-68) or a 
fragment thereof. 

12. An analog of mammalian Macrophage 
Inflammatory Protein- la (MlP-la) lacking NH,- terminal 
amino acids corresponding to amino acid residues 1-9 
or 1-10, having about at least 60% homology to said 
MIP-lcx and having antagonist activity to said MlP-la. 

13. The analog according to Claim 12, 
wherein said analog comprises MlP-la (10-70) or a 
fragment thereof. 
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A r^Lethod of inhibiting MCP-3 bioiogical 



1 activity in a rr.amir:al comprising administering to said 
mammal a therapeutically effective amount of an analog 
according to Claim 1, 6, or 12 for a time and under 
conditions sufficient to inhibit said biological 

^3 ac t ivi ty . 



biological activity in m.ammals comprising 
adm.inis ter ing thereto a therapeutically effective 
10 amount of an analog according to Claims 1, 6, or 12 

for a timie and under conditions sufficient to inhibit 
said biological activity. 

16. A method of inhibiting MlP-la 
15 biological activity in mamjnals comprising 

administering thereto a therapeutically effective 
amount of an analog according to Claims 1, 6, or 12 
for a time and under conditions sufficient to inhibit 
said biological activity. 



15. A method of inhibiting RANTES 



20 



17. A m.ethod of treating an inf lamrria tory 



disease in a mamm.al comprising adm.inis ter ing to a 
mammal in need thereof a therapeutically effective 
am.ount of an analog according to Claims 1, 6 or 12 . 



25 



18. A method of treating an autoimmune 



disorder in a mamimal comprising administering to a 
mammal in need thereof a therapeutically effective 
amount of an analog according to Claims 1, 6 or 12 
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19. A method of treating rheurriatoid 
arthritis in a mammal comprising administering to a 
mammal in need thereof a therapeutically effective 
amount of an analog according to Claim 1, 6 or 12. 



1 



5 20. A pharmaceutical composition comprising 

an antagonistically effective amount of an analog of 
Claim 1 and a pharmaceutically acceptable carrier. 

21. A pharmaceutical composition comprising 
10 an antagonistically effective amount of an analog of 

Claim 6 and a pharmaceutically acceptable carrier. 

22. A pharmaceutical composition comprising 
an antagonistically effective amount of an analog of 

15 Claim 12 and a pharmaceutically acceptable carrier. 
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FIG. I A 
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FIG. IB 
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FIG. 2C 
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FIG. ZD 
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FIG. 3A 
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FIG. 3C 
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FIG. 4A 
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FIG. 4C 
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FIG. 4E 
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FIG. 4F 
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MCP-3. RAN-reS AND MIP-IALPHA RECEPTOR ANTAGONISTS 

The work in this application was supported 



1 



5 



by NIH Grant No. GM 50969-01 
vj fJ.D OF T'MF TTJVENTION 



This invention relates to NH^ - terminally 
truncated analogs o£ Monocyte Chemoattractant Protein- 
3 (MCP-3), RANTES and Macrophage Inflammatory Protein- 
la (MlP-la) and compositions containing same and 
methods of employing said compositions for treating 
inflamm.atory diseases as well as autoimmune disorders. 

^5 p^rT?nROUND T"^ TNVENTION 

Regulated on Activation, Normal T-Cell 
Expressed and Secreted (RANTES) , Monocyte 
Chemoattractant Protein-3 (MCP-3) and Macrophage 

20 inflammatory Protein- la (MlP-la) are inflammatory 

mediators, characterized as chemotactic cytokines or 
chemokines. The term "chemokine" reflects the ability 
of these mediators to induce directed migration of 
several types of leukocytes, including monocytes, 

25 lionphocytes, basophils and eosinophils into sites of 

inf lammation . 

RANTES, MCP-3 and MlP-la are collectively 
known as "CC" chemokines because the first two 
cysteines in each molecule are adjacent. The CC 

30 
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chemokines contain disulfide bridges. The CC 
i chemokines have been implicated m a number of 

allergic and chronic inflammatory diseases such as 
arthritis and various lung diseases. In such 
conditions, early monocytic infiltration of monocytes, 
5; T - lymiphocyces and other leukocytes may be a key event 
m the progression of the disease. 

Multiple receptors mediate the functional 
activities of the CC chemokines. Five receptors have 
been identified and their polypeptide sequences 

10 deduced from cDNA clones. These are: chemokine 

receptor CCKR-1, which binds MlP-la, RANTES and MCP-3 
{Gao, et al. (1995) J. Exp. Med. 1 7 7 : 1 4 2 1 - 1 4 7 ^ r CCKR- 
2, which binds MCP-3 and MCP-1 (Franci, et al . (1995) 
J. ImiHUnPlt 1^:6511 - 6517); CCKR-3, which binds to 

1^-- RANTES, MCP-3 and Eotoxin (Kitaura, et al . (1996) J . 

Biol. Chem. 2Zi : 772 5 - 77 3 0 ) ; CCKR,, which binds to MCP- 
1, RANTES and MlP-la (Hoogawerf, et al . (1996) 
Biochem. Bioohv. Resea rch Communication 2J^ : 3 3 7 - 34 3 ) , 
CCKR^, which binds to MIP la/3 and RANTES (Raport, et 

20 al, (1996) J. Biol. Chem. 2 7 1 : 1 7 1 6 1 - 1 7 1 6 ] . 

The complete amino acid sequences of RANTES, 
MCP-3 and MIP- la were described in Clark-Lewis, et al . 
(199 5) J. Leukocyte Biol. 57 :703-711. RANTES 
comprises a 68 amino acid polypeptide, MCP-3 comprises 

2^, a 76 amino acid polypeptide and MIP- la comprises a 70 
amino acid polypeptide . 

It has been suggested that substances that 
are capable of blocking the effects of RANTES, MCP-3 
and/or MIP- la would be useful to moderate or inhibit 

o^, various inflammatory and allergy reactions. The 
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10 



patent application of Wells, et al . filed under the 
patent Cooperation Treaty and published on June 13, 
1996 under WO 96/17935, describes modified RANTES 
polypeptides possessing antagonistic activity. The 
polypeptides of Wells, et al . comprise the addition of 
amino acids to the N- terminal end of RANTES so that 
the number of amino acids in the antagonists described 
therein have a longer chain length than the 
corresponding native RANTES. 

Masure, et al . (1995) J Tnrerff^rpn ^nd 
r y.^VnnP Res. 15:955-963, describe the expression of 
mutant MCP-3 m Pichia Ct^Ptori? which possesses three 
additional NH, terminal amino acids. Masure, et al . 
characterized mutant MCP-3 as an MCP-3 receptor 
antagonist capable of competing with synthetic MCP-3. 

Heretofore, no one knew that NH^ terminally 
truncated chemokine analogs of RANTES, MCP-3 or MlP-la 
possessed significant antagonistic activity with very 
high receptor binding affinities. However, the 
present inventors have not only discovered the 
antagonistic effects of truncated RANTES, MCP-3 and 
MlP-la, but also have discovered that the analogs are 
useful for treating inflammatory diseases and 
autoimmune disorders, e.g., rheumatoid arthritis. The 
inventors have also discovered that the analogs 
competitively bind and cross-bind to several different 
receptors. Inflammation involves the infiltration of 
multiple cell types that occurs through the 
interaction of different chemokines with distinct 
functional receptors. The inventors have further 
discovered that blocking the infiltration of multiple 
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effector cells is highly effective in breaking the 
± inflammation and autoimmune cycle. 

SUMMARY OF TH E INVENTION 

The present invention is directed towards 
NH^ - terminal ly truncated analogs of three human 
chemokines: MCP-3, RANTES and MlP-la having anti- 
inflammatory activity and/or ant i - autoimmune activity. 
The present invention is also directed to inhibiting 
the biological activities of three native, mam^malian 
chemokines MCP-3, RANTES and MlP^la. The present 
invention is further directed to treating inflammatory 
diseases and autoimmune disorders such as rheumatoid 
arthritis and multiple sclerosis, for example. The 
present invention is also directed to pharmaceutical 
compositions comprising NH^ - terminally truncated 
chemokine analogs . 

One aspect of the present invention is 
directed to an analog of mammalian MCP-3 lacking NH2 - 
2r: terminal amino acids corresponding to amino acid 

residues 1-6, 1-7, 1-8, 1-9 or 1-10, of MCP-3, having 
substantial homology to the native MCP-3 molecule. 

Another aspect of the present invention is 
directed to an analog of mammalian RANTES lacking NH-. - 
pc^^ terminal amino acids corresponding to amino acid 

residues 1-5, 1-6, 1-7, 1-8. and 1-9 of RANTES, having 
substantial homology to the native RANTES molecule. 

A further aspect of the present invention is 
directed to an analog of mammalian MlP-la lacking NH2 - 
terminal amino acids corresponding to amino acid 
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residues 1^9 or 1-10, having substantial homology to 
1 the native MlP-la molecule. 

A still further aspect of the present 
invention is directed to a method of inhibiting the 
biological activity or the in yjvQ biological activity 
5 of native MCP-3, RANTES and MlP-la comprising adding 
to the native MCP-3 RANTES and MlP-la (if in vitirc>) or 
if iji vivo administering to a host, e.g., mammal (for 
example, human) a therapeutically effective amount of 
an analog of MCP'3, RANTES or MlP-la for a time and 
10 under conditions sufficient to inhibit the biological 
activity of the native molecules. 

Another aspect of the present invention is 
directed to a method of treating inflammatory diseases 
in a mammal suffering from said diseases comprising 
]_cr, administering to said mammal a therapeutically 
effective amount of the analog of the present 
invent ion , 

A further aspect of the present invention is 

directed to a method of treating autoimmune disorders 
20 in a mammal comprising administering to a mammal in 

need thereof a therapeutically effective amount of an 

analog of the present invention. 

Another aspect of the present invention is 

directed to pharmaceutical compositions comprising an 
25 antagonistically effective amount of one or more of 

the aforementioned analogs and a pharmaceutically 

acceptable carrier. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure lA is a qraph showing NH.- terminal truncation 
of RANTES and MCP-3 resulted in a loss of chemotactic 
activity on THP-1 cells. 

Figure IB is a graph showing the NH.- terminal 
truncated RANTES analogs ( RANTES ( 6 - 6 8 ) , RANTES { 7 - 6 8 ) , 
RANTES (8 - 68) , RANTES ( 9 - 6 8 ) , and RANTES ( 1 0 - 6 8 ) ) had no 
de t ec tabl e activity. 

10 

Figure IC is a graph showing truncation of the 
residues 1-9 of MIP- la (MlP-la (10-70)) reduced 
activity by more than 95% of the native MIP- la, 
further truncation resulted MlP-la (11-70) which 
]_(^, completely lost chemoatt rac tant activity on THP-1 
cells . 

Figure 2A is a graph showing RANTES antagonist 
activity of the RANTES (9 -68) analog titrated at the 
20 indicated concentrations against RANTES and MCP-3 in a 
chemotaxis assay using THP-1 cells. 

Figure 2B is a graph showing MCP-3 antagonist activity 
of the MCP-3 (10-76) analog titrated at the indicated 
2^ concentrations against MCP-3 and RANTES in a 
chemotaxis assay using THP-1 cells. 

Figure 2C is a graph showing the inhibition of MIP- la 
induced (10 nM or lO'^M) THP-1 migration by MIP- la (10- 
^r, 70) and MI P - la ( 1 1 - 7 0 ) . 
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Figure 2D is a graph showing the inhibition of RANTES- 
1 induced (10 nM or 10 'M) THP-1 migration by MIP-lc:^{10- 
70) and MIP- la { 11 - 70) , 

Figure 3A is a graph showing RANTES antagonist 
5 activity of RANTES (9-68) titrated at the indicated 
concentrations against RANTES - induced and MCP-3- 
induced N - acetyl - 3 - D- glucosaminidase release using 
human blood monocytes. 

10 Figure 3B is a graph showing MCP-3 antagonist activity 
of MCP-3 (10-76) titrated at the indicated 
concentrations against MCP - 3 - induced and RANTES - 
induced N - acetyl - 3 - D - glucosaminidase release using 
human blood monocytes. 

15 

Figures 3C and 3D are graphs showing MIP- la antagonist 
activity of MIP- la {10 -70) and MIP- la ( 11 - 70) titrated 
at the indicated concentrations against MIP- la - induced 
and RANTES - induced- N- acetyl - 3 - D - glucosaminidase 
Of) release using human blood monocytes. The 

concentration of MIP- la and RANTES used was 30 nM. 

Figures 4A and 4B are graphs showing competitive 
binding to THP-1 cells of unlabeled RANTES and 
2^ RANTES (9-68) titrated at the indicated concentrations 
in the presence of 4 nM labeled RANTES (A) , and 4 nM 
labeled MCP-3 (B) . 

Figures 4C and 4D are graphs showing competitive 
binding to THP-1 cells of unlabeled MCP-3 and MCP- 
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3(10-76) titrated at the indicated concentrations in 
1 the presence of 4 nM labeled MCP-3 (D) and 4 nM 
labeled RANTES (C) . 

Figure 4E is a graph showing competitive binding to 
THP-1 cells of unlabeled MCP - 3 and MCP-3 (8-76), MCP- 
3(9-76), MCP-3(10-76) and MCP-3(:i-76) titrated at the 
indicated concentrations in the presence of 4 nM 
labeled MCP- 3 . 

Figure 4F is a graph showing competitive binding to 
TH?*1 cells of unlabeled RANTES and RANTES (6-68), 
RANTES (7-68), RANTES (8-68), RANTES (9-68) and RANTES 
(10-68) titrated at the indicated concentrations in 
the presence of 4 nM labeled RANTES. 

15 

Figure 5 is a graph showing competitive binding to 
THP-1 cells of unlabeled MlP-la and MIP- la ( 10 - 70 ) and 
MIP - la ( 1 1 - 7 0 ) titrated at the indicated concentrations 
in the presence of 4 nM labeled MIP- la. 

20 

Figure 6 is a chart summarizing the binding and 
antagonist activities of MIP- la, RANTES and MCP-3 
analogs . 

2^ Figure 7 is a graph showing competitive binding to 

THP-1 cells of unlabeled RANTES and RANTES (9 -68) and 
RANTES (9-68, P9T) titrated at the indicated 
concentrations in the presence of 4 nM labeled MCP-1. 

3C 
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Figure 8 is a graph which shows that human RANTES(9- 
1 68) was able to bind to the receptor on mouse 

peritoneal macrophages. Native human RANTES did not 
significantly bind to mouse peritoneal macrophages. 

5 Figures 9A and 9B are graphs showing that daily i.p. 
inj ections of RANTES (9 - 68 ) inhibited the swell ing and 
the incidence of arthritis in treated mice. 

Figure 10 is a chart showing untreated control animals 
10 and animals adiriinis tered a peptide control developed 
rheumatoid arthritis, substantial infiltration of 
mononuclear cells into the synovial tissue, extensive 
hyperplasia of the synovial lining, pannus formation 
and bone and cartilage damage. In contrast, animals 
1^ treated with RANTES (9-68) exhibited no invasive 

pannus, no bone or cartilage damage and insignificant 
i n f 1 amma tory infiltration. 

Figure 11 is a graph which shows that human MCP-3 (9- 
20 able to bind to the receptor on mouse 

monocytes. Native human MCP-3 did not significantly 
bind to mouse monocytic cells. 

Figure 12 is a graph showing that daily i.p, 
2^ injections of MCP-3 (9-76) inhibited the swelling and 
the incidence of arthritis in treated mice. 
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DETAILED DESCRIPTION O F THE INVENTION 

One aspect of the present invention is 
directed to NH, - terminally truncated analogs of three 
human chemokmes, MCP-3, RANTES and MlP-la, useful for 
5 treating inflammatory conditions and autoimir.une 

disorders. Inflammatory conditions contemplated by 
the present invention include both acute and chronic 
inflammatory diseases. Examples include, but are not 
limited to, arthritis, asthma, colitis, psoriasis, 

10 atheromas and the like. Examples of autoimmune 

conditions include rheumatoid arthritis and multiple 
sclerosis and the like. As defined by the present 
invention an NH, - terminal ly truncated chemokine analog 
acts as an antagonist to a corresponding native 

15 chemokine. The antagonistic activity of the chemokine 
analogs of the present invention includes inhibition 
of biological activity induced by corresponding native 
chemokines . 

In the application, the products of the 

20 present invention are referred to by various terms, 
including "analogs of the present invention", "NH^- 
terminally truncated analogs", "polypeptides of the 
present invention", "antagonists of the corresponding 
chemokines", etc. are used interchangeably and denote 

25 equivalent expression. 

As defined by the present invention 
biological activity refers to the biological activity 
of the native chemokines, as measured by standard 
assays, including but not limited to receptor binding, 

2Q chemotaxis, calcium mobilization and exocytosis 
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characterized by N - Acetyl - - D - glucosaminidase release 
1 and elastase release. 

Preferred MCP-3 analogs of the present 
invention include: MCP-3 (7-76), (8-76), (9-76), (10- 
76) and (11-76), Preferred RANTES analogs of the 
5 present invention include: RANTES (6-68), (7-68), (8- 
68), (9-68) and (10-68). Preferred MlP-la analogs of 
the present invention include: MlP-la (9-70), (10-70) 
and (11-70) . 

As defined by the present invention any 
10 reference by number to an amino acid in an analog, 
e.g., MCP-3 analog will be a reference to the 
corresponding residue number from the amino acid 
sequence of the native molecule shown in Table 1 . For 
example, where the first 7, 8, 9 or 10 amino acids of 
15 MCP-3 are truncated (as is the case for the MCP-3 

analogs shown in Table 1) the analogs will be referred 
to MCP-3 (8-76), MCP-3 (9-76), MCP-3(10-76) and MCP- 
3 (11-76) , respectively. 

The analogs of the present invention 
20 comprise an amino acid sequence that is identical to 
the corresponding region of the native molecule, or a 
polypeptide fragment having a region that is 
substantially homologous to all or part of a region of 
the corresponding native molecule while still 
2c:^ maintaining the antagonist activity to the 

corresponding native molecule. The analogs of the 
present invention maintain the ability to 
competitively bind at the receptor site of the 
corresponding chemokine. Analogs which are 
2Q "substantially homologous" to all or part of a region 
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of the native moiecule are characterized as ha\'ing 
1 from 1-10 ammo acid deletions, additions or 

substitutions that do not result in an analog losing 
its ability to compete with a native chemokine tor 
binding to a chemokine receptor while still retaining 
5 the antagonist activity. It is preferred that the 
MCP-3 analogs of the present invention are at least 
about 80% homologous to native MCP-3 and can have as 
much as 100% homology to native MCP-3, inclusive. 
More preferably, MCP-3 analogs of the present 

10 invention are at least about 85% homologous to native 
MCP-3. Still more preferably, MCP-3 analogs of the 
present invention are at least about 90% homologous to 
native MCP-3. Most preferred MCP-3 analogs of the 
present invention are at least about 95% homologous to 
native MCP-3. RANTES and MlP-la analogs of the 
present invention are preferably at least about 60% 
homologous to the corresponding native polypeptides 
and can extend to as much as 100% homology to the 
corresponding native polypeptides, inclusive. The 

20 RANTES analogs and MlP-la analogs of the present 

invention are preferably at least about 60% homologous 
to the native polypeptides and more preferably at 
least about 75%, even more preferably at least about 
85% and most preferably at least about 90% and 95% 

2^:, homologous to the native chemokine. 

Polypeptides having truncation at both the 
N- terminal end and the C- terminal end are also 
contemplated to be within the scope of the present 
invention. For example, up to 10 amino acids can be 
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truncated from the C- terminal end of the analogs 
1 described hereinabove. 

It is noted that it is well known in the art 
that certain amino acids can be replaced with others 
resulting in no or relatively little change in the 
5 properties of the polypeptide- Thus, for example, 
specific amino acid substitutions that may be 
tolerated in each analog of the present invention 
include: Glu or Asn for Asp; Asp or Gin for Glu; Arg 
for Lys; Lys for Arg; Asn for His; Pro for Gly; Gly or 
10 Thr for Pro; Asn or Met or Leu for Gin; Gin, Ser or 
Ala for Asn; Ser, Val or lie or Pro for Thr; Thr or 
Ala for Ser; Phe for Tyr; Tyr for Phe; He, Val, or 
Met for Leu; Ser for Ala; and any combinations 
thereof. As defined'by the present invention, e.g. 
"P9T" denotes a substitution of the amino acid Proline 
for the amino acid Threonine at position 9 of the 
native molecule. Similar modifications denoted by the 
single amino acid code followed by a molecule position 
number and the substituting amino acid are 
contemplated by the present invention (see Figure 9). 

The present inventors have found that there 
are certain portions of the polypeptides of the 
present invention that must be maintained and cannot 
be modified. More specifically, deletion of certain 
05 amino acids from the native chemokines and the 

antagonists of the present invention will result in a 
loss of receptor binding capability. For example, 
deleting the disulfide bridge in MCP-3 or MCP-3 
analogs (i.e. the cysteines at positions 12 and 52) 
will result in conformational changes and will 



15 



20 



35 



BNeOOCID: <WO_eeoe761A1JU^ 



w o 98/06751 




PCT/LS97/14485 



- 14 - 



preclude receptor binding. Similar results have been 
1 discovered in RANTES (i.e. deletion of cysteine 11 and 
50) and MlP-la (i.e. deletion of cysteine 12 and 51). 

The inventors have also discovered that 
extensive substitutions may be made to the C- terminal 
5 region of e.g. MCP-3 of residues 23-76 without 

significant loss of MCP-3 receptor binding. However, 
it IS preferred that amino acids 13-22 of an MCP-3 
analog are the same as in the native MCP-3. 

The analogs are synthesized using art 

10 recognized techniques in peptide chemistry. For 

example, they may be synthesized by adding one amino 
acid at a time to an amino acid or peptide. The amino 
acids or peptide contain the appropriate protecting 
groups on the side chains and on the N- terminal 

1^ portions thereof . The first amino acid containing the 
appropriate protecting group on the N- terminus and the 
side chain is coupled to a second amino acid having a 
protecting group on the side chain and the C- terminal 
end in the presence of a peptide coupling reagent, 

20 such as DCC to form the resulting peptide. 

Preferably, the C- terminal end is bound to a resm so 
that the peptide is built from the C- terminal end to 
the N- terminal end thereof. After the peptide is 
formed, another Na-protected amino acid having side 

2^:, chain protection is coupled to the peptide formed 
previously. This process is continued until the 
desired peptide is formed; then the protecting groups 
are removed by art recognized techniques and the 
peptide is removed from the resin by art - recogni zed 

or, techniques , 
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An exemplary procedure for polypeptide 
synthesis of the compounds of the present invention is 
as follows. The analogs are preferably synthesized 
using tBoc chemistry on a peptide synthesizer and 
purified using reverse phase HPLC . The synthesis is 
started with a protected C- terminal amino acid linked 
to a cross -linked polystyrene resin via a 4- 
(carboxamidomethyl) benzyl ester linkage (the so- 
called pam resin) (0.4 mmol of 0.8 mmol/g of aminoacyl 
resin). Na-t-Boc acids with appropriate side chain 
projecting groups are added in a stepwise fashion 
until the entire protected polypeptide chain is 
formed. The groups utilized for side chain protection 
are those commonly used in this art. Examples 
include: benzyl (Asp, Gly, Ser and Thr) ; 4- 
methylbenzyl (Cys); toluenesul f enyl (Arg); 2- 
chlorobenzyloxycarbonyl (Lys) ; 2- 
bromobenzyloxycarbonyl (Tyr) ; formyl (Trp) ; 
benzyloxym.ethyl (His) ; and none (Ala, Asn, Gly, Gin, 
He, Leu, Met, Phe, Pro, Val) . Samples may be taken 
after each step to retrospectively monitor the amino 
acid coupling yields using a ninhydrin - based reaction 
following the procedures of Sarin, et al . (1981) Anal . 
Biochem. 117 : 147 - 157 . The resin is dried and cleaved 
using the "low-high" hydrogen fluoride method as 
described by Tarn, et al . (1984) J.> Chem, 3QQ . 

105 :6442-6485 (the contents of which are incorporated 
herein by reference) , except for the following 
modifications: after the 25% hydrogen fluoride step, 
the partially protected peptide resin is filtered from 
the reaction mixture by using an all -Teflon filtration 
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apparacus fitted with a Zitex filter and washed with 
1 dichlorome^hane and dried before the high 90% hydrogen 
fluoride step. The ethyl acetate precipitate of the 
material released from the resin is dissolved in 50 ml 
of 6 M guanidine hydrochloride, 0.1 M Tris - acetate , pH 
5 8.5, and 10% 2 - mercap toethanol . This mixture is the 
crude peptide product. 

Alternately, histidine may be protected with 
p - benzyloxymethyl instead of dmitrophenyl . The p- 
benzyloxymethyl group is acid labile, thus eliminating 

10 the need for thiolysis of the dini t ropheny 1 group 
before and after hydrogen fluoride deprotec t ion . 
Acetylation is carried out on the deprotected, but 
otherwise fully protected peptide resin, using acetic 
anhydride (50%) in dimethyl formamide . 

The crude peptide product may be purified 
and folded by art recognized techniques. The 
following protocol is exemplary: three different C-18 
silica HPLC columns may be used in the purification 
and analysis of the peptide, including a preparative 

2Q column (22.4 x 250 mm column with a 22.4 x 100 mm 
guard column) packing with 12 yj^, 300 -A pore size 
packing (Dynamax, Rainin Instrument Co., Woburn, MA) ; 
a sem.ipreparative column (10 x 250 mm) Vydac C018 
column, with 5 - ujtt particle, 300-A pore-size packing 

2cz^ (Separations Group, Hesperia, CA) ; and an analytical 
column (4.6 x 250 mm) (Vydac) containing the same 
packing. The crude peptide product is first acidified 
to pH 4.0 with 20% acetic acid and filtered. The 
crude peptide product is then loaded onto the 

o,- preparative column and the retained material eluted 



35 



BNeOOCID: <WO_9eoe761A1JU^ 



wo 98/06751 




PCT/US97/14485 



' 17 - 



with a 0-60% wa ter - ace toni t r i le gradient in 0.1% 
1 tri f luoracet ic acid over 4 hours at a flow rate of 15 
ml/min. A sample (25 of fractions containing 225 - 

nm UV-absorbing material is rerun on the analytical 
column and by comparison with the profile of the crude 
material, fractions containing the major peak are 
pooled and lyophilized. 

To fold the protein, the material is 
reconstituted in 1 M guanidine hydrochloride and Tris- 
acetate, pH 8 . 5 , in 10% dimethyl sulfoxide (DMSO) at a 

1(i concentration of 0.2 mg/ml and stirred overnight in a 
covered beaker. MlP-la is folded as above in the 
absence of DMSO, MlP-la (10-70) and MlP-la (11^70) 
are folded in 10% DMSO in water. This procedure 
promotes formation of the disulfide bridges by 
oxidation of the appropriate hal f - cysteines . The 
materials are acidified with 2 ml of acetic acid, and 
half is loaded onto the semipreparative column and the 
retained material is eluted with the same gradient as 
described above at a flow rate of 3 ml /min . Samples 

20 of each fraction are run on the analytical column. 

Fractions containing only material with the retention 
time of the major peak in the folded material are 
pooled and lyophilized. 

An assay for free sulfhydryls using Ellman 
reagents, as described by Clark-Lewis, et al . (1988) 
Proc. Nat l. Acad. Sci . USA ^:7897-7902, may be used 
to determine the extent of folding. In addition, 
folding may be monitored on the analytical HPLC column 
by observing the appearance of a peak corresponding to 
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tne folded form tnat has a retention time 
1 approximately 3 minutes earlier than the reduced form. 
Analog purity may be assessed on an 
analytical HPLC column or by other means such as 
isoelectric focusing. An exemplary protocol for 
^, isoelectric focusing is as follows. Mini 

polyacry lamide gels (Pharmacia PHAST gels, lEF 3-9; 
Pharmacia, Uppsala, Sweden) are washed in 8 M urea and 
then in 8 M urea containing pH 9-11 Ampholytes 
(Pharmacia), for 30 minutes each, either with or 

1Q: Without 10 uM dithiothrei col , Gels are prerun for 15 
V-h at 200-V, 2,0-mA, 3.0-mW maximum settings, and the 
samples are loaded and run for 410 V-h at 1000-V, 5.0- 
mA, 3.0-mW maximum settings on the Pharmacia PHAST 
systems for a total of 500-V with maximum settings of 

]_K 2.0-mW, 5.0-mA and 1000-V. The pH gradient may be 

determined by using a surface pH electrode. The gels 
may be stained with silver by using the PHAST 
developing systems as described in the Pharmacia 
manual . 

20 Sequencing of analogs may be determined by 

protein sequencing, for example by using the following 
protocol. Protein sequences are determined by Edman 
degradations using either solid-phase or gas- liquid- 
phase methods. For solid-phase sequence analysis, 
reduced and carboxymethylated protein or proteolytic 
cleavage fragments are coupled to arylamine- 
f unc tional ized poly (vinyl idenedif luor ide ) membranes 
(Sequelon AA; Mi 1 1 igen/Biosearch , Burlington, MA) 
using the water - soluble carbodiimide 1 - e thyl - 3 - 3 [ 3 - 

op (dim.ethylamino) propyl ] carbodiimide hydrochloride and 
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sequenced in a Milligen/Biosearch Model 6600 sequencer 
using standard protocols. For gas - 1 iquid - phase 
sequence analysis, polypeptides may be applied to 
Poiybrene- coated glass fibre disks and sequenced in an 
Applied Biosystems Model 477 protein sequencer using 
standard protocols. Sequencing of protected peptide 
resins may be carried out on No - deprotected samples by 
using the same methods. N- terminal solid-phase 
sequencing runs usually reveal a major portion of the 
sequence. The remaining sequence is obtained by runs 
of the HPLC - fractionated fragments, derived either by 
proteolytic cleavage with Asp - N - endoprotease 
(Boehringer Mannheim Canada, Laval, Quebec) or by 
chemical cleavage, through preferential hydrolysis of 
the Asp- Pro peptide bond in dilute formic acid. 

Molecular weight of the synthetic proteins 
prepared as described above are determined by art- 
recognized techniques, such as electrospray mass 
spectrometry on a SCIEX triple quadruple Mass 
Spectrometer equipped with a liquid delivery 
apparatus. The molecular mass from the peaks 
corresponding to the charge to mass ratios of the 
different multiple ionized species of the protein can 
also be analyzed as described by Convey, et al . (1988) 
R^ pid Comm nn. Mrss. Soectrom. 2:249-256. 

The chemokine analogs of this invention may 
also be prepared through recombinant means, with 
expression in mammalian or non-mammalian systems. 
Portions of a DNA sequence encoding, e.g., MCP-3, are 
appropriately modified to produce the desired analog 
when the DNA sequence is expressed. Methods and 
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protocols for preparation and expression of such 
1 recombinant DNA are known m the art, including the 
protocol described by Masure, et al . (1995) J . 
Interferon Cyto kine Res. 1^:955-963 used for 
production of mutant MCP-3 proteins, incorporated 
^) herein by reference. 

In accordance with the present invention, 
the inventors have discovered that, in contrast to the 
full-length native forms, the analogs of the present 
invention were antagonists to the corresponding native 

10 molecules. Moreover, they lacked detectable 

cnemoa t trac tant activity for the receptor carrying 
cells. For example, RANTES (9-68), MCP-3 (10-76) and 
MlP-la (10-70) lacked detectable chemoat trac tant 
activity for human THP-1 monocytic cells. RANTES (6- 

13 68), (7-68), (8-68) and (10-68) also lacked 

chemoat tractant activity for T-cells, monocytes, NK 
cells, basophils and eosinophils. MCP'3 (8-76), (9-76) 
and (11-76) also lacked activity for human CD4+ and 
CD8+ T lyir.phocytes , NK cells, eosinophils and 

20 basophils. MlP-la similarly lacked chemoat trac tant 
activity for monocytes and human T-cells. 

In accordance with the present invention, 
the inventors have observed certain regions within the 
native chemokines which are essential for their 

2^ functional activities. Specifically, NH^- terminal 
amino acid residues within the 1-5 region of native 
RANTES, residues within the 1-7 region of native MCP-3 
and residues within the 1-9 region of native MlP-la 
are critical for chemoat tractant activity and receptor 
activation, for example. However, by truncating the 
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1-5 region of native RANTES, 1-7 region of native MCP- 
1 3 and 1-9 region of native KIP- la, the resulting 

molecules become antagonists to the native chemokines . 

The inventors have also discovered that the 
truncated chemokine analogs of the present invention 
5 act as antagonists to native, full-length chemokines 
and do not possess the chemoat tractant activity. For 
example, RANTES ( 9 - 6 8 ) , MCP-3(10-76) andMIP-la (10-70) 
inhibited the biological activity (e.g. 
chemoattractant activity and N - acetyl - 3 - D - 
glucosaminidase release, elastase release and 
intracellular calcium mobilization) induced by the 
corresponding native forms. 

In accordance with the present invention, 
the inventors have assessed the receptor - binding 
specificity of the truncated analogs. The inventors 
have discovered significant cross - receptor binding 
among the identified chemokine analogs of the present 
invention. Thus, for example, unexpectedly, RANTES 
(9-68) inhibited native RANTES, MCP-3, MCP-l and MIP- 
la-induced chemotaxis and N- acetyl - 3 - D - glucosaminidase 
release and intracellular calcium mobilization. 

The inventors also observed that MCP-3 (9- 
76) and MCP-3 (10-76) inhibited native MCP - 3 - induced , 
RANTES - induced, MCP - 1 - induced, calcium mobilization, 
monocyte N-acetyl - 3 "D-glucosaminidase release and 
chemoattractant activity. 

The inventors have further observed that 
MIP-lc^ (10-70) inhibited native MIP- la/3 - induced and 
RANTES - induced monocyte N - acetyl - 3 - D - glucosaminidase 
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release and chemoattractanL activity and calciurr, 
1 mobi i izat ion . 

The present inventors have determined that 
the polypeptides (analogs) of the present invention 
act as antagonists to the effects of native RANTES, 
MiP-lv^ and MCP-3 in various tests, such as chemotaxis, 
calcium mobilization, receptor binding in THP-1 cells 
(a monocytic cell line). Based upon these 
observations, the inventors concluded that the 
polypeptides of the present invention are useful in 

IC) blocking the effects of native RANTES, MlP-la and MCP- 
3 molecules and thus are useful as therapeutic agents. 
A preferred use of the polypeptides of the present 
invention is in blocking the effects of RANTES, MlP-la 
and MCP-3 in the recruitment and/or activation of pro- 

jt, inflammatory cells. Thus, the present invention has 

utility in the treatment of such inf lammatory diseases 
as asthma, allergic rhinitis, colitis, psoriasis, 
atheromas, dermatitis and the like. In addition, the 
polypeptides are also useful in the treatment of 

2Q autoimmune diseases, e.g., rheumatoid arthritis. For 
example, the inventors have observed that the analogs 
of the present invention (e.g. RANTES antagonists) are 
useful in treating autoimmune disorders (e.g., 
rheumatoid arthritis) in mammals. The inventors have 

2^: determined that the analogs of the present invention 
prevent the onset of rheumatoid arthritis in MRL-lpr 
rr,ice. The inventors have discovered that 
administration of e.g., RANTES(9-68) significantly 
inhibited the clinical incidence of adjuvant enhanced 

or, arthritis for 30 days in an autoimmune mouse model 
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(MRL-lpr mice have lupus erythematous and rheumatoid 
arthritis similar to the corresponding human 
di seases ) . 

In another aspect of the present invention, 
methods for inhibiting the biological activity of 
native chemokines are provided which involve 
administering a therapeutically effective amount of a 
truncated analog of the present invention to a mammal 
to treat, e.g. inflammatory diseases and autoimmune 
diseases . 

In another aspect of the present invention, 
the NH. - terminally truncated chemokine analogs of the 
present invention are administered in pharmaceutical 
compositions. The analogs of this invention may be 
administered as a na^al spray for upper respiratory 
15 treatments or as an aerosol inhaler for lung 

conditions. The analogs may also be used in topical 
applications. The analogs may also be administered 
via an osmotic pump or in a sustained release 
formulation. Alternatively, the analogs of the 
present invention may be delivered by injection. It 
is preferred that the injection is intramuscular or 
intraanal. However, the present invention also 
contemplates intradermal, intraperitoneal or 
intraarticular injections as well as long term 
continuous delivery via subcutaneous osmotic pump or 
sustained release formulations. 

Other methods of in vivo and in vitlTQ use of 
the chemokine analogs of the present invention will be 
readily apparent from the examples herein and the 
assays described above. The chemokine analogs of the 
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present: invention are present m the various 
1 pharmaceutical formulations described hereinabove in 
an "antagonistically effective amount" or 
"therapeutically ef f ect ive" amount . "Antagonist ical ly 
effective amount" or "therapeutically effective" 
M amount as used herein is defined as an amount of 

chemokine analog sufficient to significantly inhibit 
the biological activity of native chemokines but low 
enough to avoid serious side effects such as toxicity, 
for example (at a reasonable risk/benefit ratio) 

10 within the sound medical / scient i f ic judgment of the 
skilled artisan. However, it is preferred that the 
dose of the formulation contains between 0.01 1 mg/kg 
for a nasal spray and 0.1-10 mg/kg for other forms of 
delivery. It is most preferred that the formulation 

]_r contains between 0.01-0.1 mg/kg for a nasal spray and 
0.1-1 mg/kg for other forms of delivery. The dosage 
schedule of the chemokine analogs will typically be 
determined (at a reasonable risk/benefit ratio) within 
the sound medical /scientific judgement of the skilled 

20 artisan. However, it is preferred that the chemokine 
analogs are administered at least about 3 times per 
week. It is most preferred that the chemokine analogs 
are adm.inis tered on a daily basis. 

The exact dose of a chemokine analog of the 
present invention to be used in a particular 
application may be determined by accepted 
pharmaceutical methods known to the skilled artisan. 
This is accomplished by conventionally measuring the 
concentration of analog in the blood and determining 

or. the analog half -life. Without wishing to be bound, it 
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is believed that the analogs of the present invention 
1 have what would otherwise be an unexpectedly hiqh half 
life for similar polypeptides due to molecular 
stability at body temperature and due to the high 
binding affinity to their receptors. 
^ Pharmaceutical compositions comprising the 

analogs of the present invention additionally contain 
pharmaceutical vehicles, such as carriers and 
adjuvants described in the literature of 
pharmaceuticals and related fields. The analogs of 
10 the present invention are formulated by the skilled 
artisan, using art - recognized techniques, taking into 
consideration the nature of the polypeptide compounds 
and the desired mode of administration. The product 
of the present invention are soluble and are therefore 
readily formulated in physiological buffers, e.g. 
physiological saline. 

The inventors have observed that unlike 
other chemokines, n ^UvS human RANTES and MlP-la form 
aggregates in physiological conditions (e.g. at about 



20 ph'7.2) at concentrations as low as 100 nM. This 

presents a significant hurdle to in vivc applications 
because therapeutic efficacy usually requires much 
higher concentrations of the active compounds (i.e., 
up to 2 mM) . However, the present inventors have 
25 surprisingly discovered that the frnn^ri tpri rheinokins 
aa^log^ of the present invention exhibit no 
aggregation at concentrations above about 1 pM. 
Therefore, the truncated chemokine analogs (e.g. 
RANTES and MlP-la) of the present invention are highly 
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soluble, and thus facilitiate more in vivo applications 
1 than their native counterparts. 

In addition, the chemokine analogs of the 
present invention can also formulated in sustained 
release delivery systems or topical formulations 
5 containing an aqueous component . 

MCP-3, RANTES and MlP-la analogs of the 
present invention are assayed for biological activity 
by use of a cy tosol ic - f ree calcium assay, a chemotaxis 
assay using cells of monocytic origin, or by other 

10 conventional assays for MCP-3, RANTES or MlP-la 

activity including but not limited to: assays to 
determine exocytosis of leukocytes such as elastase 
release and N - acetyl - p - D - glucosaminidase release, 
superoxide production, histamine release, LTC^ release 
and the like. 

The invention will now be illustrated by 
means of the following non- limiting examples. 

In the following example, analysis of 
cytosol ic - f ree calcium was carried out using the 

20 following protocol. Cells (4 x 10') are loaded with 

12, 5 ug/ml F1UO-3AM or Fluo-2 in PBS saline with 0.38 
m.g/ml Pluronic F127 (Molecular Probes, Eugene, OR) at 
37'^C for 30 mtinutes . After washing with PBS, the 
cells were resuspended in 25 mM Hepes , 140 mM NaCl, 10 

25 mM glucose, 1 . 8 mM CaCl^, 1 mM MgCl^, and 3 mM KCl , pH 
7.3. The fluorescence was monitored at 7 second 
intervals over 150 seconds, after addition of test 
sample. Maximum Ca^* levels were established using 
F1UO-3AM or Fluo-2 (Designated 100% saturation) for 

3C 
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each set of measurements by addition of 5 uM lonomycin 
(Sigma Chemical Co., St. Louis, MO). 
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EXAMPLE 1 

1 

Representative polypeptides of the present 
invention were tested for their functional activity 
according to the procedure described hereinabove. The 
5 results are as follows. In contrast to the full- 
length native forms, RANTES (9-68), MCP-3 (10-76) and 
MIP-lu (10-70) lacked detectable chemoat tractant 
activity for human THP-1 monocytic cells (Figures lA- 
IC) . In addition, for human blood - derived monocytes, 

3_0 neither chemotaxis nor N- acetyl - 3 - D - glucosaminidase 
release was detected up to 1 . RANTES (6-68), (7- 
68), (8-68) and (10-68) as well as MCP-3 (8-76), (9- 
76) and (11-76) also lacked chemoattrac tant activity 
(Figure IB) . MlP-la (10-70) had only minor activity 

i^c^ (about 3% of that of the corresponding native MlP-la). 
MIP-lo (11-70) had no detectable activity. Thus, 
residues within the 1-5 region of native RANTES, 1-7 
region of native MCP-3 and 1-9 region of native MlP-la 
are essential for the functional activities of the 

2Q native chemokines. Truncation of these regions 

resulted in a complete loss of e.g. chemoat tractant 
activity of the native chemokines. 
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KXAMPLE 2 

Inhibition of native MCP-3, RANTES or MlP-la 
ediated chemotaxis are determined by using the 
aforementioned chemotaxis assay. Constant amounts of 
MCP-3, RANTES or MlP-la (e.g. 10 nM) are added to each 
well, and the analogs are titrated in the assay. 

Cell preparations for use in the 
aforementioned assays consist of human monocytes, or 
monocytic cell lines such as the cell line THP-1. 
THP-1 were obtained from American Type Culture 
Collection (Rockville, MD) and may be, optionally, 
maintained in RPMI 1640 medium supplemented with 10% 
FCS. 

Human monocytes were isolated from buffy 
coats of normal donor blood by the following protocol. 
A cell suspension was loaded onto Ficoll -Hypaque 
(Pharmacia, Uppsala, Sweden) and centrif ugated at 400 
g for 25 minutes followed by density centrif ugation on 
a discontinuous Percoll (Pharmacia) gradient at 500 g 
for 30 minutes. Cell fractions with a density of 
1.051-1.053 (g/ml) were generally greater than 70% 
monocytes by morphology and were used in the assay. 

RANTES (9-68), MCP-3 (10-76), MlP-la (10-70) 
and MlP-la (11-70) were tested for their antagonist 
activities. All three inhibited the activity induced 
by the corresponding native forms (Figures 2A-2D) . 
RANTES (9-68) fully blocked the chemoattractant 
activity of RANTES for THP-1 cells, and 41 nM was 
required to inhibit the agonist activity of 10 nM 
native RANTES by 50% (IC^e = 41 nM) . Similar results 
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were obtained for migration of peripheral biood 
1 moriocyces . The ability of RANTES (9-68) to inhibit 
chemokine - induced exocytosis from human blood 
monocytes was assessed by measuring the release of N- 
ace tyl - 3 - D - glucosaminidase . A 10-fold lower 
S concentration (IC^ = 4 nM) of RANTES (9-68) was 

required to inhibit RANTES - induced enzyme release than 
was needed for similar inhibition of chemotaxis 
(Figure 3A) 



10 truncated antagonists, their ability to inhibit the 
activities induced by RANTES, MCP-3 and MlP-la was 
examined (Figures 3A-3D). The RANTES (9-68) analog 
completely inhibited both MCP-3 and MlP-la induced 
chem^otaxis and N - acetyl - 0 - D - glucosaminidase release . 

^r::, The respective IC^. values were 200 nM and 126 nM for 
THP-1 cell chemotaxis and 170 nM and 20 nM for 
monocyte release activity (Figure 6). Thus RANTES (9- 
68) inhibited all the chemokines, but it had the 
highest potency for RANTES. 



induced monocyte N - acetyl - p - D - glucosaminidase release 
with an IC^^ of 37 nM and also chemoat t rac tan t activity 

470 nM. Thus it was less potent than RANTES (9~ 
68) for RANTES - stimulated activities. However, MCP-3 

2c:, (10-76) also inhibited RANTES - induced and MlP-la- 

induced activities with similar effectiveness to its 
inhibition of MCP-3 elicited function (Figure 3B) . 
Furthermore, MCP-3 (10-76) blocked enzyme release from 
monocytes. The IC^q values for inhibiting both RANTES 

00 or MCP-3 induced release were around 10 -fold lower 



To test the specificity of the three 
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MCP-3 (10-76) was found to inhibit MCP-3 
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than for chemotaxis of either THP-1 ceUs or 
monocytes. Another MCP-3 variant, MCP-3 (9-76), was 
2-3 fold more potent than MCP-3 (10-76) in all the 

inhibition assays. 

MlP-la (10-70) was found to inhibit MlP-la 
or RANTES induced monocyte - N - acetyl D ■ 
glucosaminidase release with an IC,, of 1 nM (Figures 
3C-3D). MlP-la (10-70) was also found to inhibit 
monocyte/THP-1 cell migration. MlP-la (11-70) also 
inhibited both chemoattractant activity and enzyme 
release of native MlP-la and native RANTES with an IC 
of 30 nM and 10 nM, respectively. Because MlP-la 
antagonists did not inhibit MCP-3 activity. MlP-la 
antagonists are relatively selective for HIP- la and 
RANTES. Antagonists of native RANTES and native MCP-3 
15 have relatively broad inhibitory spectra. 
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1 

MCP-3, RANTES or MlP-la receptor binding are 
determined by the following protocol. MCP-3 (10 ug) 
were labeled with monoiodinated Bol ton - Hun ter reagent 
5 (specific activity 2,200 Ci/mmol; DuPont, Wilmington, 
DB) at A'^C for 20 minutes, to provide specific 
activity of, e.g. ^^''l - labeled MCP-3 of 150 Ci/mmol. 
RANTES and MlP-la were labeled using lac toperoxidase . 
One mCi (3,7 MBq) of Na^^^ (ICN Biomedicals, Irvine CA) 

10 and 1 pg of lac toperoxidase (80-150 units -mg Sigma) 
were added to 5 ug of RANTES or MlP-la m 50 )al of 0.5 
y. sodium acetate, pH 6 . 5 at room temperature for 3 
min. Saturated tyrosine (150 pi) was added to stop 
the reaction, and the proteins were separated from the 

]_5 label by Sephadex G-25 chromatography. The specific 
activity of '^^I- labeled RANTES was 260 Ci-mmol 

To determine the binding kinetics, monocytic 
cells (such as THP-1) at (5 x 10^ cells) in 200 ul of 
binding buffer (RPMI 1640, 0,5 mg/ml BSA, 50 mM Hepes 

20 and 0.01% Nal) were incubated with varying 

concentrations of *^^I-MCP-3 at 4°C for 30 minutes. 
The cells were pelleted through a mixture of 
diacetylphthalate and dibu tylphthalate and 
radioactivity that is cell associated was counted 

2^ (total binding) . Nonspecific binding was determined 
in the presence of a 100 fold concentration of 
unlabeled ligand and subtracted from the total 
binding. Kinetic parameters (Kd and receptor number) 
were determined by Scatchard analysis. 
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competitive receptor binding by, e.g. MCP-3, 
1 analogs is measured by carrying out the aforementioned 
receptor binding protocol wherein various 
concentrations of e.g. MCP-3 analogs are added to the 
cells in the presence of e.g., 4 nM -I-MCP-3. Non- 
. specific binding is subtracted from total binding and 
the result is expressed as a percent of maximum 
specific binding (See Figures 4A-4E and Figure 5) . 

competition binding studies were performed 
to determine if the observed antagonist properties 
10 correlated with their interaction with chemokine 

binding sites. 

The RANTES (9-68) analog competed for 
binding of labeled RANTES. From this data, the 
dissociation constant (K,) was calculated to be 19 nM, 
V- that is only about 4-5 fold of that of native RANTES 
binding affinity (4 nM) . Furthermore, RANTES (9-68) 
also displaced labeled MCP-3 (K, = 57 nM) . Although, 
as expected, native RANTES competed strongly for 
RANTES binding, its competition for labeled MCP-3 was 
20 very wea)c and insufficient to derive a K, value. 
Thus, truncation of RANTES resulted in a markedly 
increased affinity for MCP-3 binding sites. 

MCP-3 (10-76) competed for MCP-3 binding 
with a K, of 57 nM and also competed for binding of 
p. both RANTES (K, = 50 nM) and MlP-la. The competition 
of the MCP-3 (10-76) analog for labeled MCP-3 was only 
2 -fold weaker than that of full-length MCP-3. For 
RANTES receptors, MCP-3 and MCP-3 (10-76) had about 
the same affinity. The results indicate that MCP-3 
(10-76) had similar affinity for the binding sites of 
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all three cherr.okines . Similar receptor binding 
1 affinity data were obtained with MCP-3 (9-76). MCP-3 
(8-76); MCP-3 (7-76) and MCP-3 (6-76) had lower 
receptor binding affinities than MCP-3 (9-76) and MCP- 
3 (10-76) . 

5 The MlP-la (10-70) analog competed for 

binding of labeled MIP-1 Of with a Kd of 25 nM and also 
competed for binding of RANTES (Kd = 14 nM) and less 
for MCP-3 (Kd = 281 nM) . Native MlP-la and MCP-la 
(10-70) had about the same affinity for RANTES 

10 receptors. MI?- la (11-70) competed only for RANTES 

and MlP-la receptor binding. No competition for MCP-3 
was observed. Therefore MlP-la (10-70) has higher 
inhibitory potency than MlP-la (11-70). 

A further assay that may be carried out to 

15 determine whether a non - chemotactic analog binds to, 
e.g. MCP-3 receptors is to measure the ability of an 
analog to desensitize calcium mobilization by MCP-3. 
Following a first treatment with a MCP-3 receptor 
ligand, the calcium response is temporally 

20 desensitized to a second treatment with a MCP-3 

receptor ligand. This is determined by carrying out 
the aforementioned cy tosol i c - f ree calcium assay with 
addition of a first ligand, followed by a second 
treatment after 60 seconds using either the same of a 

25 different ligand. A MCP-3 antagonist will not of 

itself stimulate calcium induction but when used as 
the first ligand, will desensitize the cells to 
subsequent stimulation by MCP-3. The following 
example illustrates the result. 
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^.yAMPLE 4 

The truncated analogs RANTES (9-68) and MCP- 
3 (10-76) were tested for their ability to inhibit the 
transient rise oE [Ca^'l induced in monocytes by native 
RANTES and MCP- 3. In all cases the truncated analogs 
inhibited the [Ca^^] rise induced by the native 
chemokines. The most potent effect was observed with 
RANTES (9-68), which at 30 nM totally prevented the 
[Ca-] changes induced by 10 nM RANTES. For inhibition 

the responses to MCP- 3, markedly higher 
corcentrations of the corresponding truncated analogs 
were required. At high concentration (1,000 nM) , all 
truncated analogs also attenuated or even prevented 
the [Ca^^] changes induced by the other chemokines. 
RANTES (9-68) markedly decreased the [Ca^^] induced by 
MCP- 3 . 
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EXAMPLE 5 

1 

Three month old MRL-lpr mice, both male and 
female were injected at two thoracic sites with 
complete Freunds Adjuvant (CFA) only once on day 0. 
5 On that same day RANTES(9-68) was injected 

intraperitoneally . Injections of the RANTES analog 
were administered daily for 30 days at 2mg/kg/day. 
The mice were visually examined by (a double-blind 
observation) every five days for appearance of 
10 arthritis. An animal was scored as positive for 

arthritis if erythema and swelling of a fore or hind 
paw was observed. In addition ankle width of the hind 
legs were assessed. His topa thology of the lime joints 
were evaluated on day 30 pos t - adj uvant injection. 

RESULTS ; 

Human RANTES (9-68) was able to bind to the 
receptor on mouse peritoneal macrophages. Native 

20 human RANTES did not bind well to mouse peritoneal 
macrophages. Human RANTES (9 -68) bound to mouse 
peritoneal cells with an affinity (Kd) of 21 nM which 
is simvilar to the binding affinity of RANTES (9-68) to 
human monocytes (Figure 8) . 

2S Daily i.p. injections of RANTES (9-68) 

inhibited the swelling and the incidence of arthritis 
in adjuvant treated mice. Treated mice exhibited 
insignificant swelling. In contrast, treatment with a 
control peptide had no inhibitory effect (Figures 9A 

20 - 
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Histopathological studies demonstrated that 
untreated control animals and animals administered a 
peptide control developed rheumatoid arthritis, 
substantial infiltration of mononuclear cells into the 
synovial tissue, extensive hyperplasia of the synovial 
lining, pannus formation and bone and cartilage 
damage. In contrast, animals treated with RANTES(9- 
68) exhibited no invasive pannus, no bone or cartilage 
damage and insignificant inflammatory infiltration 

(Figure 10) . 

Treatment with human RANTES(9-68) for 30 

days was not toxic. 
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EXAMPLE 6 

Three month old MRL-ipr mice, both male and 
female were injected at two thoracic sites with 
complete Freunds Adjuvant (CFA) only once on day 0. 
5 On that same day human MCP-3 antagonist MCP-3 (9-76) 
was injected intraperi toneally . Injections of the 
MCP-3 analog were administered daily for 30 days at 3 
mg/kg/day. The mice were visually examined (by a 
double-blind observation) every five days for 
IC) appearance of arthritis. An animal was scored as 

positive for arthritis if erythema and swelling of a 
fore or hind paw was observed. In addition ankle 
width of the hind legs was assessed. His topa thology 
of the lime joints were evaluated on day 30 post- 
adjuvant injection. 

RESULTS ; 

Human MCP-3 (9-76) was able to bind to the 
2Ci receptor on mouse monocytic cells (WEHl 265 cells) . 
Human MCP-3 (9-76) did not bind well to mouse 
monocytes. Human MCP-3 (9-76) bound to mouse 
monocytic cells with an affinity (kd) of 57 nM which 
is four- fold lower than that for native MCP-3 (kd 225 
2^:, nM) (Figure 11) . 

Daily i .p. injections of MCP-3 (9-76) 
inhibited the swelling and the incidence of arthritis 
in adjuvant treated mice. In contrast, treatment with 
a control peptide had no inhibiting effect (Figure 
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12). Treatment with human MCP-3 (9-76) for 30 days 

I was not toxic. 

Thus, in summary, in accordance with the 
present invention, the inventors have discovered that 
NH,- terminally truncated analogs of native chemokines 
5 lack chemoattractant and other activities. The 
present inventors have also determined that the 
analogs of the present invention competitively bind to 
native chemokine receptors, thereby significantly 
inhibiting or even precluding binding by the 
corresponding native molecules. The inventors have 
also discovered a correlation between the bound 
analogs and their concomitant lack of biological 
activity. It has now been discovered by the present 
inventors that the analogs of the present invention 
are useful in treating inflammatory diseases and 
autoimmune diseases in mammals. 
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W H AT I S CX^AI MED IS: 

1 

1. An analog of mammalian Monocyte 
Chemoat tractant Protein- 3 (MCP-3) lacking NH.- terminal 
amino acids corresponding to amino acid residues 1-7, 

S 1-8, 1-9 or 1-10 of MCP-3, having about at least 80% 
homology to said MCP-3 and having antagonist activity 
thereto . 

2. The analog according to Claim 1, wherein 
IC; said analog has at least 85% homology to MCP-3. 

3. The analog according to Claim 1, wherein 
said analog has at least 90% homology to MCP-3. 

15 4. The analog according to Claim 1, wherein 

said analog has at least 95% homology to MCP-1. 

5. The analog according to Claim 1, wherein 
said analog comprises MCP-3 (9-76) or a fragment 

2Q thereof . 

6. An analog of mammalian Regulated on 
Activation Normal T Cell Expressed and Secreted 
protein (RANTES) lacking NH^- terminal amino acids 

2^ corresponding to amino acid residues 1-5, 1-6, 1-7, 
1-8, and 1-9 of RANTES, having about at least 60% 
homology to said RANTES and having antagonist activity 
to said RANTES, 
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7. The analog according to Claim 6, wherein 
1 said analog comprises RANTES (9-68) or a fragment 

thereof . 

8. The analog according to Claim 6, wherein 
c said analog comprises RANTES (6-68) or a fragment 

thereof . 

9. The analog according to Claim 6, wherein 
said analog comprises RANTES (7-68) or a fragment 

■^Q thereof . 

10. The analog according to Claim 6, 
wherein said analog comprises RANTES (8-68) or a 
fragment thereof. 
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11. The analog according to Claim 6, 
wherein said analog comprises RANTES (10-68) or a 
fragment thereof. 

12. An analog of mammalian Macrophage 
inflammatory Protein- la (MlP-la) lacking NH,- terminal 
amino acids corresponding to amino acid residues 1-9 

r 1-10, having about at least 60% homology to said 
MlP-la and having antagonist activity to said MlP-la. 



o 



13. The analog according to Claim 12, 
wherein said analog comprises MlP-la (10-70) or a 
fragment thereof. 
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14. A method of inhibiting MCP-3 biological 
1 activity m a mammal comprising administering to said 

mammal a therapeutically effective amount of an analog 
according to Claim 1, 6, or 12 for a time and under 
conditions sufficient to inhibit said biological 
3 activity. 

15. A method of inhibiting RANTES 
biological activity in mammals comprising 
adm.inis tering thereto a therapeutically effective 

IC; amount of an analog according to Claims 1, 6, or 12 

for a time and under conditions sufficient to inhibit 
said biological activity. 

16. A method of inhibiting MlP-la 
biological activity in mammals comiprising 
administering thereto a therapeutically effective 
amount of an analog according to Claims 1, 6, or 12 
for a time and under conditions sufficient to inhibit 
said biological activity. 

20 

17. A method of treating an inflammatory 
disease in a mammal comprising administering to a 
mammal in need thereof a therapeutically effective 
amount of an analog according to Claims 1, 6 or 12. 

18. A method of treating an autoimmune 
disorder in a mammal comprising administering to a 
mammal in need thereof a therapeutically effective 
amount of an analog according to Claims 1, 6 or 12. 
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19. A method of treating rheumatoid 
arth-itis in a mammal comprising administering to a 
mammal in need thereof a therapeutically effective 
amount of an analog according to Claim 1, 6 or 12. 

20. A pharmaceutical composition comprising 
an antagonistically effective amount of an analog of 
Claim 1 and a pharmaceutical ly acceptable carrier. 

21. A pharmaceutical composition comprising 
an antagonistically effective amount of an analog of 
Claim 6 and a pharmaceutically acceptable carrier. 



22. A pharmaceutical composition comprising 

antagonistically effective amount of an analog of 

nc; Claim 12 and a pharmaceutically acceptable carrier. 
-1- ^ 
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Chemotactic Activity 
of NH -Terminal Truncated RANTES 
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N H^-Termlnal Truncated MIP-1a Analogs 
Lost Their Chemotactic Activity on Human IVIonocytIc Cells 
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FIGURE 2A 
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FIGURE 2B 



Key: 



The indicated concentrationa of RANTES (9-68) (A), and MCP-3 
IS) (B) were added to 10 nM of either MCP-3 (A) or RANTKS C, 
MCP-1 (•) . 
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Inhibition of MIP-1a-lnduced THP-1 Cell Chemotaxis 
By MIP-1a(10-70) and MIP-1a(1 1-70) 
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Concentration of MIP-1a used was 10 nM (10"*M) 



FIGURE 2C 
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FIGURE 2D 
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FIGURE 3B 

Cells were stimulated with a constant concentration of either MCP- 
2 (10 nM) (4) or RANTES (30 nM) (■) in the absence or the 
presence of increasing concentrations of RANTES (9-68) (A) and 
MCP- 3 (10-76) (B) . 
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